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Taking decisions plays a pivotal role in daily life and comprises a complex process
of assessing and weighing short-term and long-term costs and benefits of competing
actions. Decision-making has been shown to be affected by factors such as sex, age,
genotype, and personality. Importantly, also the social environment affects decisions,
both via social interactions (e.g., social learning, cooperation and competition) and social
stress effects. Although everyone is aware of this social modulating role on daily life
decisions, this has thus far only scarcely been investigated in human and animal studies.
Furthermore, neuroscientific studies rarely discuss social influence on decision-making
from a functional perspective such as done in behavioral ecology studies. Therefore, the
first aim of this article is to review the available data of the influence of the social context
on decision-making both from a causal and functional perspective, drawing on animal
and human studies. Also, there is currently still a gap between decision-making in real
life where influences of the social environment are extensive, and decision-making as
measured in the laboratory, which is often done without any (deliberate) social influences.
However, methods are being developed to bridge this gap. Therefore, the second aim of
this review is to discuss these methods and ways in which this gap can be increasingly
narrowed. We end this review by formulating future research questions.
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INTRODUCTION
Decision-making plays a pivotal role in daily life and comprises a
complex process of assessing and weighing short-term and long-
term costs and benefits of competing actions. The output of the
decision-making process, i.e., which action is to be taken, is deter-
mined by an interaction between impulsive or emotionally based
systems, responding to immediate (potential) rewards and losses
or threats, and reflective or cognitive control systems controlling
long-term goals (Bechara, 2005; de Visser et al., 2011). Decision-
making is influenced by many factors. However, whereas factors
such as sex, age, genotype, and personality have been extensively
investigated and discussed (reviews; Crone and van der Molen,
2004; Overman, 2004; Overman et al., 2004; de Visser et al.,
2011; Homberg, 2012; van den Bos et al., 2013a), relatively little
attention has been paid to the crucial moderating effect of social
context on decision-making. This is all the more surprising given
that decisions in real life are often strongly influenced by the social
environment and involve direct and indirect social interactions.
The social environment may affect decision-making in dif-
ferent ways. For instance, decisions may directly involve social
partners such as when deciding to share knowledge or goods with
others or to provide support (review; Rilling and Sanfey, 2011).
Furthermore, subjects may adjust their decisions depending on
who is with them or who they consider as their reference-point
at the time of the decision. For instance, in the case of so called
“conformity behavior,” subjects change their behavior to match
that of the rest of the group (Morgan and Laland, 2012). Finally,
the social environment may influence decisions globally by “set-
ting the atmosphere.” For instance, the social environment may
breathe a tense or relaxed atmosphere, which influences the indi-
vidual’s emotional state and thereby its decisions (review; Starcke
and Brand, 2012). While studies in the field of behavioral ecology
have provided elaborate understanding of functional aspects of
the social context of decision-making behavior, studies in the field
of neuroscience have begun to provide information on the causal
aspects and the neural substrate underlying decision-making
behavior in a social context. Still, crosstalk between these fields
rarely occurs. Researchers in both fields may benefit from insights
from both domains that will enable progress toward a common
understanding of the social modulating role on decision-making.
Therefore, the first aim of our review is to discuss the influence
of the social context on decision-making both from a causal and
functional perspective, drawing on animal and human studies.
Currently, there is still a gap between decision-making in real
life where influences of the social environment are extensive, and
decision-making as measured in the laboratory, which is often
done without any (deliberate) social influences. Subjects may for
instance be less disturbed by stressful conditions when in com-
pany of friends or relatives with thereby little effect on their
decisions in real life, while showing high levels of stress and
concomitant effects on decision-making in the laboratory when
tested singly. While these laboratory findings may be important
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for studying basic mechanisms of e.g., the effects of stress on
decision-making (Preston et al., 2007; Lighthall et al., 2009; van
den Bos et al., 2009), they hamper for instance assessing the value
and general applicability of laboratory findings to the function-
ing of people, such as patients, in daily life. Furthermore, they
miss out the important impact the social environment may nor-
mally play on individual and group decision-making. However,
a major obstacle to assess the role of the social environment in
decision-making under laboratory conditions in humans is that
it is difficult to create ecologically valid conditions. Therefore,
monitoring real life effects of the social environment on decision-
making would be a significant step forward. In rodents, home-
cage experimental set-ups, which allow for careful manipulation
of brain-behavior relationships in social settings, have been devel-
oped as means of bridging precisely this gap. Therefore, a second
aim of our review is to discuss these developments in methodol-
ogy to address the question of the effect of the social environment
on decision-making.
Given the foregoing, in the following sections we will discuss
how the social environment may modulate decision-making and
how this can be incorporated in experimental studies. In sec-
tion Decision-making in a social context, we will discuss direct
and indirect social influences on decision-making, while in sec-
tion Social stress and decision-making the effects of social stress
on decision-making are addressed. Where possible we link a
causal and functional perspective and discuss underlying neu-
ral substrates. In section Laboratory studies and real-life studies
we will (briefly) discuss ways to incorporate the social environ-
ment into studies of decision-making.We end this review (section
Concluding remarks) with a brief summary of the main issues
addressed and define (some) future questions.
DECISION-MAKING IN A SOCIAL CONTEXT
Humans are an exceptionally successful species, both in the num-
ber of individuals and in our flexibility to expand to the range
of environments and situations in which we live. A major fac-
tor underlying this success boils down to our complex social
life as we have the ability to acquire valuable knowledge and
skills from others through social learning and teaching and build
upon this generation after generation (Boyd and Richerson, 1985;
Laland et al., 2011). In our daily life we constantly make deci-
sions based on our personal information and experience as well
as that of others, i.e., social learning. Our behavior may be
restricted through social conformity (Asch, 1956), or promoted
or enhanced through facilitation (Zajonc, 1965). Furthermore,
often the decisions of multiple individuals may result in collective
behavior, such as the synchronization of applause (Néda et al.,
2000), or have to be made jointly to reach a consensus (Conradt
and Roper, 2005; Dyer et al., 2008). Living with others comes
with the potential benefit of cooperation (Fehr and Fischbacher,
2004a) as well as costs of competition when resources are lim-
ited (Davies et al., 2012). Finally, an individual’s decisions may
be indirectly influenced by the social environment, by affecting
an individual’s emotional state. Importantly, the modulating role
of the social environment is strongly affected by an individual’s
characteristics and personality as well as that of its group mates
(Webster and Ward, 2011).
To fully understand the role of social modulation on decision-
making, it is important to consider it from both a causal and
functional perspective (Tinbergen, 1963; see e.g., Morgan and
Laland, 2012). In neuropsychology, functional explanations are
rarely taken into account while this behavioral ecological perspec-
tive may help to understand how the behavior of individuals is
adapted to the social environment in which they live (Davies et al.,
2012). A growing list of behaviors once described as uniquely
human have now been described in a range of animals, such as
teaching (Franks and Richardson, 2006; Thornton andMcAuliffe,
2006), culture (see Laland, 2008; Laland et al., 2011), and confor-
mity (Whiten et al., 2005; Galef and Whiskin, 2008; Jolles et al.,
2011), which provide us with new insights into our own behav-
ior. Therefore, the next few sections are focused on a behavioral
ecological perspective with links to relevant human and animal
laboratory studies. However, as the human literature on social
decision-making has been reviewed elsewhere, we limit ourselves
to the most relevant human experimental studies (see e.g., Fehr
and Fischbacher, 2004a,b; Lieberman, 2007; Frith and Singer,
2008; Behrens et al., 2009; Rilling and Sanfey, 2011).
SOCIAL LEARNING
For social species, like humans, the social environment plays a
critical role in day-to-day decision-making, such as where to live,
what to eat and with whom to mate, and may affect their emo-
tional state (see section Observational fear learning). Decisions
can be based on either personal experience and/or informa-
tion gathered by others (Danchin et al., 2004) and through
“social learning,” individuals may for example learn how (obser-
vational learning) to deal with a resource or where it is located
(local enhancement; Thorpe, 1956; Webster and Laland, 2012).
Although social learning may involve several different learning
mechanisms (Laland, 2008) only some rely on advanced cognitive
abilities (Galef, 1988; Heyes, 1994) andmost cases appear to result
from very simple processes (Galef, 1988). Indeed, although social
learning may seem particular to humans, animals from a broad
range of species gather and exploit information generated by
others (review; Galef, 1988; Heyes, 1994; Heyes and Galef, 1996).
A considerable part of the social learning literature has been
performed with rats (review; Galef and Giraldeau, 2001; Galef,
2007) and has shown that rats use information from others
to learn where, what, how and even when to eat (Galef and
Giraldeau, 2001). Both the social information provided by visual
and olfactory cues from conspecifics provide a strong basis for
individual foraging decisions. Just by observing conspecifics, rats
quickly locate food and join to feed with them (see Galef and
Giraldeau, 2001). This is further intensified by deposited olfac-
tory cues on both the food and the location of the food (Galef,
2007), which may for example enable young rats to learn what
foods are best to eat as they may not be able to figure this out
by themselves (see Galef, 2007). In particular the olfactory cues
via the breath of conspecifics may result in these socially induced
food preferences that may overrule personal preferences (Galef
and Whiskin, 2008; Jolles et al., 2011) and even reverse learned
aversions to foods (Galef, 1986).
To accurately make decisions, individuals need to constantly
weigh the costs and benefits of private and social information
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and need to be selective when and whom to copy (Galef, 1995;
Laland, 2004). Social learning may be beneficial as it allows indi-
viduals to acquire relevant information without having the risk or
costs associated with individual learning. However, social infor-
mation may be outdated, for example when the environment is
highly variable, or less valuable, when the environment is very sta-
ble (Boyd and Richerson, 1985). Thus, relative reliance on social
and individual learning can be viewed as involving a trade-off
between accuracy and cost (Boyd and Richerson, 1985; Laland,
2004; Kendal et al., 2005). For example, Dally and colleagues
(2008) showed that rooks selectively consumed the same food
as a demonstrator when the foods were novel, but not when
the foods were familiar. Likewise, Galef and Whiskin showed
that the greater the discrepancy between private and social infor-
mation, the less likely the subject is to behave in accord with
the socially acquired information (Galef and Whiskin, 1998).
Moreover, Brown and colleagues (2008) showed that personal
and social information about spatial choices are combined in a
rat’s working memory and both the quality of the food avail-
able and the memory of a familiar conspecific’s behavior affect
an individual’s tendency to visit spatial locations in a radial-arm
maze.
The trade-off between accuracy and costs is nicely illustrated
by the difference in public information use of two closely related
species of sticklebacks. Coolen and colleagues (Coolen et al.,
2003) showed that while nine-spined sticklebacks exploited pub-
lic information and foraged at the areas they observed others to
have better feeding rates, three-spined sticklebacks ignored this
information and relied in their decisions on their own experi-
ence. This difference in social information use may be explained
by the relative difference in costs of self-acquired information
between the two stickleback species. The robust defenses that
three-spined but not nine-spined sticklebacks have, such as large
spines and armored body plates, allows them to sample alterna-
tive food patches directly in relatively better safety, as reflected by
the increased time nine-spines spent hidden amongst vegetation
(Laland, 2008).
When the presence of group mates affects the behavior of
an individual, allowing or causing them to engage in certain
behaviors at a different rate, or to perform behaviors that they
would not perform at all if they were alone, this is called social
facilitation (Zajonc, 1965). For example, in animals it has been
shown that the presence of others may result in higher activ-
ity (Griffiths and Foster, 1998; Webster et al., 2007), increased
foraging (Webster et al., 2007; Dally et al., 2008) and provide
scrounging opportunities (review; Giraldeau and Caraco, 2000).
For example, conform to humanwork, studies on rats have shown
that the greater the number of models and the greater their
uniformity in behavior, the more likely a naive subject will act
in accord with the information that conspecifics provide (Galef
and Whiskin, 1995). These changes in behavior can probably be
ascribed to proximate mechanisms such as greater anti-predator
benefits of larger groups (review; Krause and Ruxton, 2002),
investment in vigilance and/or increased competition (review;
Beauchamp, 2003). This is nicely illustrated by two studies in
ravens (Stöwe et al., 2006a,b) which showed that when individ-
uals were alone compared to in a group, they approached a novel
object faster but spent less time close to and manipulating it.
Although the social group enabled individuals to decrease time
investment in vigilance, they may have a higher approach latency
because individuals might wait for the other to take the risk and
lead.
CONFORMITY BEHAVIOUR
Social learning theory suggest that in most circumstances where
natural selection favors reliance on social learning, conformity is
favored and individuals, both humans and other animals, should
adopt the behavior of the majority (Boyd and Richerson, 1985;
Laland, 2004). This particular form of social modulation on
decision-making is especially important as it has been argued
to be a major mechanism in human cultural evolution (Boyd
and Richerson, 1985; Efferson et al., 2008). One of the earliest
described studies on human conformity was performed by Asch
(1955, 1956). In a very influential paper, Asch (1955) described
how adults would be willing to abandon their own perceptual
judgment in a simple visual task and go with the overtly false
alternative as a result of group normative behavior. Since then a
huge number of studies has replicated these kinds of findings (see
Bond and Smith, 1996; Morgan and Laland, 2012). Interestingly,
the extent of conformity behavior seems to be strongly dependent
on the situation. Namely, if a participant has to make a public
response and is face-to-face with the majority, there is a strong
normative influence of conformity, whereas it is weaker when
participants make a private response and indirectly communi-
cate with the majority (Bond, 2005). Furthermore, conformity
behavior may be dependent on task difficulty and its importance
(Baron, 1996), group size (Asch, 1955; Bond, 2005) and culture
(Bond and Smith, 1996) among others.
Recently, several studies have addressed the neurobiological
basis of conformity (see also Morgan and Laland, 2012). For
instance, studies using mental rotation and auditory tasks (Berns
et al., 2005, 2010) showed that social information may affect
brain regions classically associated with perception as well as
the processing areas associated with each task, suggestion that
social information was affecting the subjects’ perception as well as
decision-making (see Morgan and Laland, 2012). Moreover, it has
been shown that while cingulate areas are involved in monitoring
the difference between private and public information (Klucharev
et al., 2009), the ventral striatum is involved in the tendency
to adjust one’s behavior to the social information (Burke et al.,
2010; Campbell-Meiklejohn et al., 2010), which may be related
to rewarding aspects of being in line with the behavior of others
(Klucharev et al., 2009; Burke et al., 2010; Campbell-Meiklejohn
et al., 2010).
Conformity has been described in a wide range of animal
species including fish (Laland and Williams, 1998; Day et al.,
2001; Pike and Laland, 2010), rats (Galef and Whiskin, 2008;
Jolles et al., 2011) and primates (Whiten et al., 2005; Dindo et al.,
2009) (see Webster and Ward, 2011 for a review). For example,
Laland and Williams (1997) showed that guppies preferentially
chose a foraging route they had previously observed demonstra-
tors use despite an equally valid available alternative. Individuals
may base these kind of conformity decisions on heuristic rules of
social attraction (Webster and Laland, 2012) such as to approach
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others (e.g., Laland and Williams, 1997), to approach larger over
smaller groups (e.g., Lachlan et al., 1998; Day et al., 2001) and
to approach groups that produce cues indicative of higher for-
aging success (e.g., Coolen et al., 2003, 2005). These tendencies
are likely to benefit animals in most cases as it allows them to
detect food without having to pay the costs of sampling the envi-
ronment directly (see e.g., Pitcher et al., 1982; Day et al., 2001).
However, sometimes this conforming to the behavior of others
may come with “opportunity costs.” For example, individual fish
may discover a visually isolated food patch faster and exploit it
for longer than when a group of conspecifics is present (Webster
and Laland, 2012), and smaller groups may discover a hidden
food patch more quickly than larger ones (Day et al., 2001). The
reliance on social information may sometimes even result in indi-
viduals to base their decisions on maladaptive information, such
as rats consuming less palatable and sodium-deficient diets based
on the breath of conspecifics (Galef, 1986), and even after the
source of information is removed, such as guppies that kept on
using energetically costly routes to food patches despite shorter
alternatives available (Laland and Williams, 1998).
Although conformity of the basic “follow the majority” kind
has been demonstrated in a variety of species of which Pike
and Laland’s (2010) study on public information use in stickle-
backs provides compelling evidence, only a few animal studies
(Whiten et al., 2005; Galef and Whiskin, 2008; Jolles et al., 2011)
have investigated the situation where conformity overrides the
discovery of valid alternative means (cf. Asch, 1955, 1956). In
a two-action diffusion study in chimpanzees, Whiten and col-
leagues (2005) showed that although some individuals discovered
an alternative technique to free trapped food items to the one
seeded in their group, they later re-converged on the norm of
their group, demonstrating conformity in the face of discovering
a functional alternative. Two recent studies also suggest the exis-
tence of this type of conformity in rats (Galef and Whiskin, 2008;
Jolles et al., 2011). Rats were given the opportunity to learn that
two diets differed in palatability. They were subsequently exposed
to a demonstrator that had eaten the less palatable food and
were thereafter exposed to the same diets again. By simply being
exposed to the odors in the breath of a conspecific for 30min,
individuals considerably decreased their preference for the more
palatable food. Interestingly, despite similar initial preferences
and similar social information, some rats were more resistant to
changing their preference in relation to private and social infor-
mation than others (Jolles et al., 2011), suggesting a different
sensitivity to conflicting information (cf. Klucharev et al., 2009).
COLLECTIVE BEHAVIOUR AND GROUP DECISION-MAKING
Both humans and many group living animals exhibit com-
plex, coordinated, group patterns, such as lanes of traffic flow
in human crowds (Helbing and Molnar, 1995) and the three-
dimensional movements of fish shoals (Couzin and Krause,
2003). Through collective action, individuals can enhance their
capacity to detect and respond to salient features of the environ-
ment, resulting in more accurate decision-making (Couzin, 2009)
without the need of explicit signals or complex communication
(Couzin et al., 2005; Dyer et al., 2008). The common property
of these phenomena is self-organization, suggesting that much
of complex group behavior may be coordinated by relatively
simple interactions among the members of the group (review;
Couzin and Krause, 2003). Indeed, recently studies have begun
to reveal that collective decision-making mechanisms across ani-
mal species, from insects to birds and even humans, seem to
share similar functional characteristics (Couzin and Krause, 2003;
Conradt and Roper, 2005; Sumpter, 2006). For example, Helbing
and colleagues (Helbing and Molnar, 1995; Helbing et al., 2000)
have shown that simple rules such as “try to minimize travel
time,” “avoid collisions” and “move in the direction of other
people” may help explain pedestrian movements on busy streets
and in life-threatening situations. Similar patterns have been
described for non-human animals including the spectacular trails
of ants on foraging trips (Couzin and Franks, 2003), the collec-
tive movements of starlings (Ballerini et al., 2008), and social
interactions in shoaling fish (Herbert-Read et al., 2011).
In some cases group decisions are the result of a consensus
reached by the individuals in the group (Conradt and Roper,
2005). Humans make these kinds of decisions all the time, from
agreements in groups of a few people, to large-scale international
conventions and political elections. However, also amongst non-
human animals consensus decision-making is very common, such
as travel routes in navigating birds use and the timing of activities
(review; Conradt and Roper, 2003, 2005). Inmany situations con-
flicts may exist between the preferences of different individuals
(Couzin et al., 2005). However, all individuals in the group have to
decide on the same action because the group will fall apart unless
a consensus is reached (Conradt and Roper, 2005), resulting in
a loss of many of the advantages of group living (review; Krause
and Ruxton, 2002). In line with theoretical predictions (Couzin
et al., 2005), it has now been demonstrated that only a small
proportion of knowledgeable individuals is needed to influence
the direction of movement of the whole group, such as has been
shown for nest site choice in social insect colonies (Franks et al.,
2003; Seeley, 2003), the foraging movements in golden shiner fish
(Reebs, 2000), and humans moving to a target without the use of
verbal communications or obvious signaling (Dyer et al., 2008).
COOPERATION AND COMPETITION
An important way to understand social decision-making in
humans and other social animals is to look at it in terms of
costs and benefits, not only to the actor as indicated above, but
also to the recipient in the social context (Hamilton, 1964; West
et al., 2007; Davies et al., 2012). For this it is important to keep
in mind that via natural selection those genes are favored that
increase an organism’s ability to survive and reproduce (fitness).
Therefore, individuals will often attempt to act in such a way as
to receive immediate, selfish benefits, which may often result in
competition or mutualistic cooperation. This is nicely illustrated
by the Prisoner’s Dilemma (PD; Axelrod and Hamilton, 1981) in
which individuals can either cooperate or defect. Both individ-
uals would benefit from mutual cooperation but both are also
tempted to cheat, as it would be more rewarding to the individ-
ual. Therefore, irrespective of the other player’s choice, it pays
to defect. This raises the problem why cooperation is so com-
mon among human and animal societies (see West et al., 2007)
and why individuals not act selfishly all the time and exploit
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the cooperative behavior of others (see Davies et al., 2012). In
many cases, the cooperating individual simply acts selfishly and
gains an immediate benefit, but thereby provides by-product ben-
efits to its group mates, such as the benefits of an increased
group size, i.e., reduced chance of predation, due to helping
behavior in meerkats (Clutton-Brock, 2002). When on the other
hand cooperation is altruistic—costly to the cooperator and ben-
eficial to the recipient—cooperating individuals may still gain
selfish benefits in the long term by using conditional strategies
(Stevens and Hauser, 2004), such as cooperating only with rela-
tives (kin selection; Hamilton, 1964), interacting only with those
that have cooperated previously (reciprocity; Trivers, 1971; see
Clutton-Brock, 2009), or under enforcement (Frank, 2003).
Individualsmay help relatives as this may increase their genetic
representation in future generations, and thus their fitness, as rel-
atives share genes by common descent (see further Hamilton,
1964; West et al., 2007; Davies et al., 2012). If individuals pref-
erentially help those that have helped them or those that help
others, also known as reciprocity, the short-term cost of being
cooperative is outweighed by the long-term benefit of receiving
cooperation (Trivers, 1971). Although the PD has shown that
when individuals meet only once it is better for individuals to
defect than to cooperate, some form of cooperation may be stable
if there is a chance both players will meet again because the long-
term benefits of cooperationmay outweigh the short-term benefit
of defecting (Axelrod and Hamilton, 1981). Indeed, experimental
work on both humans (Fehr and Fischbacher, 2003) and rodents
(Rutte and Taborsky, 2007, 2008; Viana et al., 2010) has shown
that individuals cooperate at higher levels in repeated interac-
tions. For example, Rutte and Taborsky showed that rats that
were trained to pull a stick in order to produce food for a part-
ner pulled more often for an unknown partner after they were
helped than if they had not received help before (generalized reci-
procity; Rutte and Taborsky, 2007) andmore often from a partner
they received help from (direct reciprocity; Rutte and Taborsky,
2008). Furthermore, Schneeberger and colleagues (2012) showed
that, similar to human PD studies, rats provided more food to
cooperative partners than to defectors and that furthermore, this
was dependent on costs: when rats experienced experimentally
increased resistance to pull the stick of the apparatus and deliver
food to the social partner, they reduced their help. It remains
unclear, however, to what extent these behaviors may potentially
be ascribed to simpler processes such as conditioned place pref-
erence. For example, rats have been shown to prefer a social
partner over an empty space (Trezza et al., 2009) and to cooperate
80% of the time if they have the choice to act either alone or in
cooperation with a social partner to obtain food pellets (Tsoory
et al., 2012). Indeed, although reciprocity has attracted a huge
amount of attention, it is thought to be generally unimportant
outside humans (Hammerstein, 2003; Stevens and Hauser, 2004)
as in most cases cooperation can be explained by more simple
mechanisms such as by-product-benefits (Hammerstein, 2003;
Clutton-Brock, 2009). Nevertheless, it shows that (lab) rodents
may provide a good model system to investigate the mechanisms
and development of cooperation (Łopuch and Popik, 2011).
Finally, enforcement or punishment may alter the benefit/cost
ratio of helping and thereby favor cooperation (Frank, 2003).
The consequences of punishment are nicely illustrated in cleaner
fish. Cleaner fish remove parasites on the body of other species
of fish that cannot remove the parasites themselves. Although,
the cleaner fish prefer to eat parts of their clients’ tissue they
rarely perform this cheating behavior as their hosts may punish
them by chasing them or by swimming away (Bshary and Grutter,
2002). What may be special about human cooperation is that we
have the capacity to establish and enforce social norms (Fehr and
Fischbacher, 2003, 2004a,b) because our societies are based on
large-scale cooperation among genetically unrelated individuals
(Henrich et al., 2003). For example, human research investigating
the conditional cooperation on social norms has shown that sub-
jects increase their contribution to the public good if the average
contribution of the other group members increases (see Fehr and
Fischbacher, 2004a). Moreover, third-party punishment experi-
ments in which the PD is extended with a passive third party
has shown that these individuals punish not-cooperating play-
ers despite a cost to themselves and that moreover, defection was
punished much more severely if the other player cooperated than
if they both defected (Fehr and Fischbacher, 2004b).
When individuals act selfishly under situations of lim-
ited resources, competition may occur between individuals.
Competing individuals have to weigh the competitive efforts
against expected benefits as well as the intensity of the con-
flict. Individuals may compete by exploitation and/or by resource
defense (Davies et al., 2012). Importantly, the best way for an
individual to behave often depends on what its competitors are
doing (review; Davies et al., 2012), which will therefore result in
a stable outcome of competition, also known as the evolution-
ary stable strategy (EES; Maynard Smith and Price, 1973). Under
ideal free distributions in which individuals are free to go where
they want and have complete information about the availability
of resources (Fretwell, 1972), individuals will distribute them-
selves in such a way that all individuals have the same rate of
resource acquisition. For example, people queuing at the check-
out area of the supermarket will often decide to choose the shorter
and faster queues, ultimately resulting in all queues being of more
or less equal length. However, in most cases individuals may not
be free to go where they want as better competitors will occupy
the richer habitats. This situation is very common in the natural
world (see Davies et al., 2012). For example, although ducks have
been shown to occur in stable distributions of individuals among
foraging sites (Harper, 1982), some ducks were better competi-
tors than others and grabbed most of the food (Harper, 1982).
Importantly, defense of a resource has costs as well as benefits and
individuals should only behave territorial when the benefits are
greater than the costs. This may also help explain why often vari-
able competitive behavior can be found within a population, such
as producers and scroungers in a foraging context (Giraldeau and
Caraco, 2000), as the costs and benefits may be different between
individuals.
Insight in the neural mechanisms underlying cooperation and
competition is increasing (see Rilling and Sanfey, 2011; Huettel
and Kranton, 2012). For example, a neuroimaging study of the
Prisoner’s Dilemma has shown that mutual cooperation led to
increased activation in reward regions (Rilling et al., 2002), poten-
tially explaining how cooperative social relationships may be
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sustained while inhibiting the impulse to act selfishly. Many social
decision-making studies have used the UltimatumGame in which
two players split a sum of money, one player proposes a divi-
sion, and the other can accept or reject this. For example, it has
been shown that both unfair offers and their rejection elicited
activity in brain areas related to emotion, such as the ante-
rior insular cortex, suggesting an important role for emotions
in social decision-making related to cooperation (Sanfey et al.,
2003). Furthermore, alpha- and theta-oscillations in prefrontal
areas have been found to be sensitive to social risk and to under-
lie fine-tuning regulation of social decisions (Billeke et al., 2012).
A study investigating whether punishment of unfair offers might
be affected by the relationship between the players has shown
that when the proposer was a friend rather than an unknown
person, unfair offers weremuch less frequently rejected. The ante-
rior prefrontal cortex plays an important role in these kind of
interpersonal economic interactions (Campanhã et al., 2011).
Rodent work has also provided interesting insights into the
emotional and neurobiological bases of competition. For exam-
ple, water-deprived rats in a pair competing for a single source
of water quickly establish a firm relationship during which one
rat drinks consistently more (the dominant rat) than the other
(the submissive rat). However, interestingly, when the animals are
exposed to severe stress, the dominants becomes less dominant,
and when their submissive cagemates are administered anxiolyt-
ics, they increase their access to resources at the expense of that
obtained by dominants (Joly and Sanger, 1991). One brain area
in particular seems to play a central role in the cost-benefit deci-
sion making related to competition: the anterior cingulate cortex
(ACC). For example, the ACC is implicated in action selection
and action outcome and effort monitoring, as well as signaling
the use of social information (Rudebeck et al., 2006). Hillman and
Bilkey (2012) provided rats with a choice whether to physically
compete with a peer for a large food reward or not to compete
and to obtain a small reward. It was found that ACC neurons elec-
trophysiologically responded to competitive effort costs, assisting
the rats in goal-directed decisionmaking under social competitive
conditions (Hillman and Bilkey, 2012).
OBSERVATIONAL FEAR LEARNING
Decision-making can be strongly influenced by the way the social
environment affects an individual’s emotional state. An impor-
tant example of this is social learning of fear (reviewed by Olsson
and Phelps, 2007). Learning about potentially harmful stimuli
and events is important in shaping adaptive behavior, which
may be less risky if learned socially through observation and
social communication. Experimentally, social fear learning can be
assessed by subjecting an observer to another individual who is
undergoing cued threatening experiences, which may elicit physi-
ological and behavioral responses in the observer as if undergoing
the threat him/herself. Fear responses acquired through condi-
tioning and observation of a distressed model were expressed to
both seen and unseen (backwardly masked) conditioned stimuli,
whereas, fear responses acquired through verbal communica-
tion were expressed only to seen conditioned stimuli (Olsson
and Phelps, 2004). This indicates that the route of social infor-
mation transmission affects how information is perceived. Also
genotype affects social fear learning. Carriers of the low activ-
ity variant of the common serotonin transporter polymorphism
displayed more cued fear responses compared to high activity
variant carriers when subjected to an observational fear learn-
ing paradigm in which subjects had to view a movie in which
models received shocks in the presence of a conditioned stimulus
(Cris¸an et al., 2009). Furthermore, personality has been inves-
tigated as modulator of social fear learning using a paradigm
in which participants watched mock panic attacks while emo-
tional (e.g., fear and panic) and skin conductance levels were
assessed. It was found that emotional avoidance and anxiety sensi-
tivity were positively associated with more self-reported fear and
more severe panic symptoms to the challenge procedure (Kelly
and Forsyth, 2009). Similarly, Hooker et al. (2008) found that
trait neuroticism enhanced social fear learning. Finally, there are
sex differences in observational fear conditioning using modeled
“mock” panic attacks as an unconditioned stimulus and an asso-
ciated neutral cue as conditioned stimulus, as women reported
more distress to the conditioned stimulus (Kelly and Forsyth,
2007). Mechanistically, social fear learning shares neural features
with classical conditioned fear, including the involvement of the
amygdala, but also requires higher-level reflective mental state
attribution, like involvement by the anterior cingulate cortex and
the anterior insula (see Olsson and Phelps, 2007; Olsson et al.,
2007; Olsson and Ochsner, 2008).
Next to humans, observational fear learning has been shown
in a large number of species (see Olsson and Phelps, 2007) but
most animal studies have been performed with rodents, show-
ing that both visual, auditory as well as olfactory stimuli play
an important role in social transfer of fear. For example, Jeon
et al. (2010) demonstrated that mice observing demonstrators
undergoing foot-shock stress displayed increased contextual con-
ditioned freezing when subsequently placed in the observing
chamber. This process was reduced, but not occluded, when an
opaque partition was placed between the observer and demon-
strator. In rodents in particular, olfactory cues play an important
role, especially related to alarm pheromones. These may change
autonomic activity and increase defensive and risk assessment
behaviors (Kiyokawa et al., 2004, 2006) and are excreted in the
rat’s perianal region, especially by allogrooming, as seen during
the social interaction between the demonstrator and observer
rats (Knapska et al., 2010). Also, distress vocalizations affect fear
learning. For example, when a conditioned stimulus was coupled
to aversive 22KHz ultrasonic vocalizations (USVs), observers dis-
played conditioned freezing (Chen et al., 2009) and the number
of 22KHz-USVs emitted by a fearful demonstrator was positively
associated with the conditioned freezing response displayed by the
observer (Wöhr and Schwarting, 2008). In line with human stud-
ies, familiarity between the observer and demonstrator results in
higher observational fear learning (Chen et al., 2009; Jeon et al.,
2010). Interestingly, not only fear or distress itself can be socially
transmitted amongst rats and mice, also the predictive value of
the conditioned stimulus itself. Bruchey and colleagues (2010)
demonstrated that observer rats acquire a freezing response by
observing fear-conditioned demonstrators, i.e., being exposed to
the conditioned stimulus in the absence of the foot-shock. Thus,
the observers responded to the conditioned stimulus as if they
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had experienced foot-shocks themselves. Whereas fear can be
socially transmitted by social interaction between a previously
stressed demonstrator and a naive conspecific, it has also been
demonstrated that observation of a non-fearful demonstrator
mouse inhibited subsequent recall of a context-shock association
in observers (Guzmán et al., 2009). Thus, it seems that previous
experience with a fear-naive demonstrator ‘buffered’ fear con-
ditioning in observers (Panksepp and Lahvis, 2011), providing
strong evidence for socio-emotional influences on the behavioral
response to threat.
ROLE OF INDIVIDUAL CHARACTERISTICS AND PERSONALITY
DIFFERENCES
Although the mere presence of others may affect the decisions
an individual makes, such as via facilitation and conformity,
this modulating effect is strongly influenced both by the char-
acteristics of the individual as well as that of its group mates,
for instance by social status (Nicol and Pope, 1999), familiar-
ity (see above; Swaney et al., 2001; Jeon et al., 2010), sex (see
Choleris and Kavaliers, 1999; Piyapong et al., 2010) and social
relationships between individuals in the group (e.g., Beauchamp,
2000; Schwab et al., 2008; Jolles et al., 2013b). Furthermore,
consistently expressed behavioral differences between individu-
als that are otherwise similar to one another in terms of age,
size and sex—also known as personality types or coping styles
(Réale et al., 2007; Koolhaas et al., 2010)—may play a particu-
lar large role on individual decision-making (Webster and Ward,
2011). For example, bold compared to shy individuals have been
found to be less responsive to changes in their social environment
(Magnhagen and Bunnefeld, 2009) and their partner’s behavior
(Harcourt et al., 2009; Schuett and Dall, 2009), have a lower ten-
dency to join and follow conspecifics (Ward et al., 2004), base
their decisions less on social information (Kurvers et al., 2010)
and display greater initiative in leadership (Harcourt et al., 2009).
It is especially the interplay between these personality traits, indi-
vidual characteristics and the relationships between individuals
that affects an individual’s decisions (e.g., van Oers et al., 2005;
Schuett and Dall, 2009; Jolles et al., 2013b). Importantly, in this
way individual characteristics and heterogeneity within groups
may ultimately impact the dynamics of group decisions and
behavior and affect the way in which the group as a whole func-
tions in relation to the environment (Webster and Ward, 2011).
For example, individual differences in risk-taking strongly affect
social feedback between individuals (Harcourt et al., 2009), indi-
viduals may not be uniformly distributed within groups (Jolles
et al., 2013a), and certain individuals may take leadership posi-
tions and thereby determine group decisions (King et al., 2009;
Nagy et al., 2010). Surprisingly, few studies have considered the
impact of individual characteristics and personality traits on the
social modulation of decision-making. For example, although sex
differences have been described in a wide range of cognitive and
behavioral processes, investigations of sex differences in social
learning are still largely neglected (review: Choleris and Kavaliers,
1999). Furthermore, despite the surge of interest in personality
traits in animals, only in recent times have studies started to con-
sider personality in the context of the crucial moderating effect of
the social environment (review:Webster andWard, 2011). Finally,
both human and non-human studies as well as models on group
behavior still seldom consider the impact of such heterogeneity
on the rules underlying their coordination (but see e.g., Jolles
et al., 2013a).
SOCIAL STRESS AND DECISION-MAKING
The social environment in which humans and animals live is not
devoid of psychosocial stress. Stressors may entail among others
potential or actual conflicts with conspecifics either in the con-
text of dominance-submission or in competition over (valuable)
resources, the sheer performance of a task in front of conspecifics,
and experiencing or witnessing aggression and violence. To assess
the effects of social stressors on decision-making in the labora-
tory, tests are needed which produce reliable and reproducible
stress-related effects. One such psychosocial test is the Trier Social
Stress Test (TSST; Kirschbaum et al., 1993) and its variants (e.g.,
group-wise TSST; Von Dawans et al., 2011).
The TSST has been shown to be very effective in inducing
stress as measured by questionnaires regarding stress, mood and
anxiety as well as parameters indicative of the activation of the
two main stress axes, i.e., hypothalamus-pituitary-adrenocortical
axis (HPA-axis; cortisol) and the sympatho-adrenomedullary
axis (SAM-axis; (nor)adrenaline) (e.g., Kirschbaum et al., 1999;
Kudielka and Kirschbaum, 2005; Nater et al., 2005, 2006; Starcke
et al., 2008; Nater and Rohleder, 2009; van den Bos et al., 2009;
Foley and Kirschbaum, 2010; Cornelisse et al., 2011; Starcke et al.,
2011; Maruyama et al., 2012; Vinkers et al., 2013). This stress
effect is related to the social-evaluative and uncontrollable ele-
ments of the task (Dickerson and Kemeny, 2004): subjects have
to deliver a speech as well as do a difficult arithmetic in front of a
panel that judges their performance withoutmuch a priori knowl-
edge of the procedure. Even anticipating delivery of the speech is
already stressful.
The activation of the SAM-axis is often measured by sali-
vary alpha-amylase, while activation of the HPA-axis is often
measured by salivary cortisol (Kirschbaum et al., 1999; Kudielka
and Kirschbaum, 2005; Nater et al., 2005, 2006, 2007; van
Stegeren et al., 2006, 2008; Nater and Rohleder, 2009; Foley and
Kirschbaum, 2010; Thoma et al., 2012). While the SAM-axis is
strongly activated during the TSST and returns to baseline imme-
diately or quickly thereafter, HPA-axis activity peaks 10–20min
after the TSST and returns to baseline about 60min thereafter
(e.g., Nater et al., 2005, 2006; Cornelisse et al., 2011; Starcke
et al., 2011; Maruyama et al., 2012; Thoma et al., 2012; Vinkers
et al., 2013). Cortisol levels in men are generally higher than
in women, while in women the menstrual cycle and contracep-
tives in addition have a modulatory effect (Kirschbaum et al.,
1999; Kudielka and Kirschbaum, 2005; Foley and Kirschbaum,
2010; Nielsen et al., 2013; but see Kelly et al., 2008). Thus,
the TSST seems to be a useful laboratory test to delineate the
effects of psychosocial stress on decision-making, when decision-
making tasks are delivered after the TSST. It should be noted
that the Cold Pressor Test has been used as well to delineate the
effects of stress on decision-making. As at first glance the results
between this test and the TSST on decision-making were not
different its effects on decision-making will be included in the
following paragraphs.
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SOCIAL STRESS: EFFECTS ON DECISION-MAKING PARADIGMS
Following the TSST (as well as the Cold Pressor Test) sev-
eral reward-based decision-making tasks have been shown to
be affected (review; Starcke and Brand, 2012), i.e., the Iowa
Gambling Task (IGT; Preston et al., 2007; van den Bos et al.,
2009), the Balloon Analogue Risk Task (BART; Lighthall et al.,
2009), the Game of Dice Task (Starcke et al., 2008), delay-
discounting (Lempert et al., 2012) and a financial decision-
making task (Porcelli and Delgado, 2009). Social stress paradigms
have not been tested in animals with respect to reward-based
decision-making. However, the data of other types of stress
paradigms reveal similar effects as in humans: stress disrupts
reward-based decision-making tasks in rats (Graham et al., 2010;
Shafiei et al., 2012).
Thus far, only a few studies have been published on the
effects of the TSST on social decision-making related paradigms.
Social stress had no effects on moral decision-making, although
in the stress group it was shown that the higher the salivary
cortisol levels the more egoistic, and thus less altruistic, deci-
sions were taken in highly emotional dilemmas (Starcke et al.,
2011). Furthermore, social stress induced by the TSST increased
pro-social behavior as measured by the Trust Game (reciprocal
exchange) and the Dictator Game (altruism) (Takahashi et al.,
2007; Von Dawans et al., 2012). Still in the latter game this
effect seemed to be dependent of whether money was donated
to a person or to an anonymous charity organization as Vinkers
and colleagues (2013) observed that people donated less money
to an organization following the TSST. Finally, altruistic pun-
ishment behavior in the Ultimatum Game was not affected
immediately following the TSST (Von Dawans et al., 2012;
Vinkers et al., 2013); however, it was affected when the task
was administered 75min after the TSST (Vinkers et al., 2013;
see further below).
The overall impression from these studies is that differences
are present in the consequences of social stress on paradigms that
people play singly and those that involve interaction, even when
virtually, with others. Von Dawans and colleagues (2012) sug-
gest that this may be related to the workings of oxytocin, which
would be released under stress and modulate the response in
social decision-making in the direction of pro-social behavior
and social support (see Taylor et al., 2000; Cousino Klein and
Corwin, 2002; Heinrichs et al., 2003; Foley andKirschbaum, 2010;
Vinkers et al., 2013; see further below). The latter would lower
the stress-response (Heinrichs et al., 2003; Foley and Kirschbaum,
2010). The data on the stress-related increase in pro-social behav-
ior are in line with the observation that in primate species
behaviors like reconciliation and consolation follow conflicts or
social tension (e.g., Aureli et al., 1989; Koski et al., 2007; Fraser
et al., 2008). These behaviors facilitate recovery from stress and
counterbalance the negative consequences of social conflict on
group-cohesion and may restore internal group-cohesion (Aureli
et al., 1989; Fraser et al., 2008; but see Koski et al., 2007). For,
maintaining internal cohesion is crucial as to maintain the bene-
fits from group-living, which are related to increased possibilities
to find and exploit food resources as well as lowering predation
risk. Interestingly, oxycotin has been shown to promote in-group
behavior and increase defensive aggression toward outsiders (De
Dreu et al., 2010). To what extent this relates to the observation
that altruism in the Dictator Game was enhanced following social
stress depending upon whether it was in the context of persons
or a charity organization (Takahashi et al., 2007; Von Dawans
et al., 2012; Vinkers et al., 2013) remains to be studied. These
data thus provide a link between causal mechanisms and func-
tional mechanisms of pro-social behavior following social stress.
The biological meaning of the data on reward-based decision-
making is discussed in section Timing, coping styles and daily life
(coping-styles).
SOCIAL STRESS: SEX DIFFERENCES
Studies directed at dissecting sex differences showed that men
displayed more risk-taking behavior following stress (IGT and
BART), whilst women were more risk-aversive (BART) or became
more task-focused (IGT). These studies also showed that sex dif-
ferences were related to the levels of cortisol. The higher the
levels of cortisol, the more risk-taking behavior was shown by
men (IGT; van den Bos et al., 2009). Women, on the other
hand displayed more risk-aversive or task-focused behavior with
increasing levels of cortisol (BART; Lighthall et al., 2009; IGT;
van den Bos et al., 2009). Data from the IGT also indicated
that women became more risk-taking when levels were too high
(van den Bos et al., 2009; see also Witbracht et al., 2012). Thus,
overall these data indicate that stress has a different effect on
reward-based decision-making in men and women with differ-
ent underlying effects of cortisol. This was recently confirmed
using the Cambridge Gambling Task and a job assessment proce-
dure to induce stress: while salivary cortisol levels were positively
correlated with risk-taking behavior in men, they were if any-
thing weakly negatively correlated in women (van den Bos et al.,
2013b). Interestingly, this study also revealed a different relation-
ship between salivary alpha-amylase and risk-taking in men and
women: while in women a positive relationship was found, a neg-
ative relationship existed in men (van den Bos et al., 2013b).
These data underline that differences do exist between men
and women regarding the relationship between stress, neuro-
endocrine changes and decision-making (see also de Visser et al.,
2010; van den Bos et al., 2013a).
Studies on social decision-making have been mainly done
in male only populations (Takahashi et al., 2007; Von Dawans
et al., 2012; Vinkers et al., 2013) or do not mention potential
sex-differences in the data set (Starcke et al., 2011), preclud-
ing therefore to discuss differences between men and women
in this respect. Still, one study using the same social-decision-
making tasks and stress protocol as applied in men, did not
observe an effect of social stress on social-decision making
in women (Koot, unpublished). None of the studies in men
reported a relation with cortisol (Von Dawans et al., 2012;
Vinkers et al., 2013). Furthermore, while one study reported
a correlation between heart-rate and pro-social behavior (Von
Dawans et al., 2012), other studies did not observe a corre-
lation between salivary alpha-amylase and pro-social behavior
(Takahashi et al., 2007; Vinkers et al., 2013).
The increase in risk-taking behavior in men in reward-related
decision-making may be associated with a loss of top-down con-
trol of prefrontal over subcortical areas, such as mediated by
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the lateral orbitofrontal cortex and dorsolateral prefrontal cortex
(Piazza and Le Moal, 1997; Arnsten, 1998, 2009; Erickson et al.,
2003; Stark et al., 2006; Wang et al., 2007; Kern et al., 2008;
Dias-Ferreira et al., 2009; Goldstein et al., 2010; Koot et al.,
2011, 2013). Furthermore within the limbic system high levels
of cortisol may shift the balance of the activity of the ventral
striatum (reward-related behavior) and amygdala (punishment-
related behavior) toward the ventral striatum (Piazza et al., 1993;
Dellu et al., 1996; Piazza and Le Moal, 1997; Pruessner et al.,
2004; Mather et al., 2010; Porcelli et al., 2012; see Wager et al.,
2008). A recent study showed that increasing noradrenergic activ-
ity decreased amygdala activity and processing of fearful faces
(Schwabe et al., 2013). Thus, it may be hypothesized that in men
the prefrontal-subcortical balance is disrupted by acute stress. In
line with this, it was recently observed that systemic injections
of corticosterone in male rats in a rodent analogue of the Iowa
Gambling Task (de Visser et al., 2011) disrupted decision-making
performance, which was associated with changes in activity in
prefrontal structures (Koot et al., 2011, 2013). Still it should be
noted that such effects of corticosterone were not observed in
other studies (Graham et al., 2010; Shafiei et al., 2012). However,
as discussed by Koot et al. (2013) this may be due to the way these
studies applied corticosterone and/or administered the task fol-
lowing corticosterone injections. In general, studies on stress in
male rats have revealed that acute stress sensitizes the reward sys-
tem (through corticosterone; e.g., Piazza and Le Moal, 1997). As
mentioned above it has been suggested that stress induced release
of oxytocin may have an effect on the way subjects engage into
social decision-tasks. Currently no studies exist which have stud-
ied the interaction between stress, changes in neural structures
and social decision-making tasks.
As to the underlying neural substrate in women it seems that
top-down control may actually be increased under stress, related
to levels of cortisol, with among others a lower striatal and a
stronger amygdala activity (Stark et al., 2006; Wang et al., 2007;
Mather et al., 2010; Porcelli et al., 2012). A recent study showed
that increasing noradrenergic activity increased amygdala activ-
ity, decreased orbitofrontal activity (thereby decreasing top-down
control) and increased processing of fearful faces (Schwabe et al.,
2013). It has been suggested that the persistent activity in for
instance the anterior cingulate cortex following a stressful expe-
rience in women may be associated with the development of
depressive symptoms in women related to tendencies of rumi-
native thinking (Tamres et al., 2002; Wang et al., 2007). The
menstrual cycle has a strong effect on the outcome of changes
in neuronal activity (Goldstein et al., 2010; Ter Horst et al.,
2013). Thus, at present changes in neural activity in women
are less clear and straightforward than in men. However, by
and large these changes in women seem compatible with a shift
toward risk-aversive behavior. Like in men, currently studies in
women are lacking which have looked at the interaction between
stress, changes in brain structures and social decision-making
tasks.
TIMING, COPING STYLES AND DAILY LIFE
For a full understanding of the effects of social stress on
decision-making paradigms three issues need further discussion:
(1) short-term versus long-term effects of stress (timing), (2)
relationship between stress, coping styles and task performance,
and (3) consequences for daily life.
While most studies have applied decision-making tasks
directly following the TSST, the data of several studies suggest
that stress, notably cortisol, may have time-dependent effects
on the balance between prefrontal and subcortical function-
ing. These timing effects may be related to non-genomic, rapid,
and delayed, genomic, corticosteroid actions. For instance, when
targeting these two time-domains specifically by administer-
ing cortisol in human subjects either shortly or several hours
before behavioral testing, working memory was found to be
improved by slow compared to rapid corticosteroid actions, and
this improved performance was linked to enhanced activity in
the dorsolateral prefrontal cortex (Henckens et al., 2011). These
and other studies have led to the hypothesis that prefrontal cor-
tical functioning is impaired by corticosteroids acting via rapid
non-genomic pathways, but enhanced by slow corticosteroid
actions (Joëls et al., 2012). Few studies have targeted these dif-
ferent time-windows thus far. In a recent study using the TSST
and a social decision-making task it was shown that male sub-
jects showed more acceptance of ambiguous offers when the task
was administered 75min after the TSST than when administered
immediately thereafter, leading the authors to conclude that this
may be due to enhanced cognitive control, although it should
be mentioned that no direct relationship with cortisol levels was
found (Vinkers et al., 2013). Accordingly, it may be suggested
that the effect of psychosocial stress on decision-making may be
different when tasks are administered immediately following a
stressor or sometime thereafter. It is clear that this needs further
study.
In men, it seems that high levels of cortisol following a
stressor are related to risk-taking: high-cortisol responders show
decreased IGT performance, while non/low-cortisol responders
do not (van den Bos et al., 2009). However, these data seem
to be in contrast with data on coping styles. Male subjects
with a pro-active coping style are in general considered to be
more risk-taking than male subjects with a reactive coping style
(Koolhaas et al., 1999, 2010; Coppens et al., 2010). Subjects with
a reactive coping style show a higher HPA-axis activity than
subjects with a pro-active coping style, while subjects with a
pro-active coping style show a higher SAM-axis activity than
subjects with a reactive coping style (Koolhaas et al., 1999,
2010; Coppens et al., 2010). This apparent contradiction may
be resolved when the stress response and the task are consid-
ered separately. Thus, the stress response in the TSST is directed
to the challenge, i.e., the speech and arithmetical task in front
of the panel. The physiological and neural changes would nor-
mally allow the organism to cope with this particular challenge.
In case of the non/low-cortisol responders, which have a short-
lasting SAM-axis activation during the TSST, this would be to
take immediate action directed toward this particular stressor
with an already learned response or routine (Koolhaas et al.,
1999, 2010; Coppens et al., 2010). As the SAM-axis is strongly
activated during the task with little effect thereafter, there is no
after-effect when the IGT is administered. In case of the cortisol
responders, which also have a short-lasting SAM-axis activation
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during the TSST and a long-lasting HPA-axis activation, the
coping response is to “freeze” i.e., re-assess the situation by explo-
ration and being sensitive to environmental cues (Koolhaas et al.,
1999, 2010; Coppens et al., 2010). Given the observed effects
of stress and cortisol on neural structures, their brain seems to
be in a “exploratory mode,” i.e., a decreased prefrontal activ-
ity and an increased ventral striatal (dopaminergic) activity in
which risk-taking, as part of exploratory behavior, is included
(Fiorillo et al., 2003). This “exploratory mode” seems to be set
in motion during the TSST and remains for some time there-
after. This “exploratory mode” may be followed by an enhanced
level of cognitive control (Vinkers et al., 2013), likely to be medi-
ated by increased activity in the prefrontal cortex (Henckens
et al., 2011), which may serve to store newly obtained infor-
mation and/or regain homeostasis and cognitive control. Thus,
when the IGT is administered shortly after the TSST, the on-
going coping response interferes with IGT task-performance. For,
the IGT or other decision-making tasks require a delicate balance
between cognitive control and reward/punishment-sensitivity
or a prefrontal-subcortical balance (de Visser et al., 2011). As
the brain of cortisol-responders is in a “exploratory/risk-taking
mode” they are more sensitive to the immediately highly reward-
ing decks of cards, which is indeed the case as judged from their
choice behavior (van den Bos et al., 2009). One may specu-
late that a different pattern emerges when the decision-making
task in itself would be stressful. In this case, subjects with a
pro-active coping style would probably take more risks than sub-
jects with a reactive coping style as in this case the coping style
is directly related to the task. It is clear that this needs fur-
ther study. Data on rat behavior in resident-intruder paradigms
in which pro-active copers show a fight-flight response and
reactive copers a freezing response suggest such differences in
risk-taking tendencies during interactions (Koolhaas et al., 1999,
2010).
Discussions on coping styles have nearly exclusively focused
on differences in behavior in male subjects (Koolhaas et al., 1999,
2010; Coppens et al., 2010). While it has been suggested that
male and female subjects in general differ in coping style, for
instance fight-flight (pro-active) versus tend-and-befriend (reac-
tive; Cousino Klein and Corwin, 2002) or problem-oriented
(pro-active) versus emotion-oriented (reactive; see Tamres et al.,
2002 for discussion), this is too limited a view as the differ-
ences in coping styles in male subjects already show. The cur-
rent data rather suggest that a distinction in female subjects
may also occur in coping styles, with in all likelihood “tend
and befriend” as the most dominant one (Taylor et al., 2000;
Cousino Klein and Corwin, 2002; Tamres et al., 2002) and
likely to be a reactive coping style (Koolhaas et al., 2010). This
coping style is related to the workings of oxytocin (Cousino
Klein and Corwin, 2002), directed at caring for the young
and/or seeking social support (Taylor et al., 2000; Tamres et al.,
2002) and, possibly, leading to a reduction of HPA-axis activity
(Cousino Klein and Corwin, 2002). Thus, the cortisol-mediated
increase in risk-aversive behavior in reward-based tasks may
be related to changes in neural structures toward safety and
social support. Yet, it is clear that further studies are needed to
substantiate this.
As risk-taking is in general considered to be a more disas-
trous mode of behavior than risk-aversiveness, the behavior of
women following psychosocial stress may be considered as less
detrimental than the behavior of men. However, this may not
be entirely true. For instance, trying to rescue someone from a
burning house with an objectively high risk of death or injury
in the course of action is as disastrous as not-rescuing someone
from a burning house with an objectively low risk of death or
injury in the course of action. So it may be rather the context that
gives one behavioral pattern an advantage over another or not
than the attitude per se: today’s hero may be tomorrow’s fool and
vice versa.
LABORATORY STUDIES AND REAL-LIFE STUDIES
The laboratory environment offers the growing field of social
neuroscience the opportunity to study general principles under-
lying brain-behavior relationships in a social context by using
well-defined tasks tailored to be performed in and outside of scan-
ners (review; Rilling and Sanfey, 2011). Similarly, the laboratory
is well suited to study general effects of the social environment
on individual behavior as for instance indicated in the previ-
ous section and as shown for instance by the effects of peers on
risk-taking behavior (Gardner and Steinberg, 2005). However,
at the same time it is often difficult, if not impossible, in labo-
ratory settings to arrange the complete array of social contexts
and/or social interactions. This becomes especially problematic
when the behavior of the individual in relation to the social envi-
ronment is the focus of attention, especially such as related to
understanding the development of behavioral pathologies, inter-
vention strategies and monitoring the success of therapies. For
instance, in the case of the development of social conduct dis-
orders probably not all social settings or social partners are
equally likely to trigger a response, i.e., they may strongly dif-
fer between subjects and even across the life-span of subjects. As
argued by others, time, i.e., when events relevant to the individ-
ual occur, and context, i.e., where and with whom events occur,
are the limiting factors in laboratory studies (Johnson et al.,
2009). Therefore, it would be ideal to study social interactions
and their effect on the individual in real life as a complement to
laboratory studies.
Among the most promising approaches to understand-
ing time-limited behaviors in ecologically valid circumstances
involves ambulatory monitoring through mobile technologies.
This strategy is known alternately as Ecological Momentary
Assessment (EMA) as well as the Experience Sampling Method
(ESM), and it uses devices such as smart phones or other portable
microcomputers to collect data at numerous intervals throughout
the day. Like all methods, EMA/ESM also has its own limita-
tions that include the necessity for all repeated assessments to
remain brief as well as its reliance on subjective reports from
the individual. However, extensive validation studies in diverse
normal and psychiatric populations have demonstrated the fea-
sibility and validity of this technique as a means of assessing
psychological states and behavior in real time and in natural con-
texts (Granholm et al., 2008; Johnson et al., 2009; Husky et al.,
2010). The major contribution of EMA/ESM is that it should pro-
vide a bridge between laboratory-based protocols with daily life
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behaviors that are otherwise inaccessible to the researcher. The
value of EMA/ESM in investigating dynamic daily life risk factors
has already been demonstrated relative to substance use behav-
ior (Swendsen et al., 2000, 2011; Epstein et al., 2009), depressive
cognitions (Swendsen, 1998), and many other “micro” processes
of daily life.
Studying the dynamic character of social interactions includ-
ing its long-term effects on the individual is standard in stud-
ies involving primates, either in the wild or in the laboratory.
Still, it is clear that opportunities and possibilities for inva-
sive neuroscience research are limited. In rodent studies, how-
ever, the opposite pattern seems to be present: while many
experiments are directed at understanding the neural basis of
for instance decision-making behavior in stand-alone tasks (de
Visser et al., 2011), in general relatively little research is done
in a long-term social context, an exception being for instance
the work by Blanchard and Blanchard (1989), Blanchard et al.
(1995, 2001, 2002). Recently home-cage tests have been devel-
oped allowing to address decision-making in a more naturalistic
setting, i.e., to combine cognitive testing with a social/ecological-
like environment (e.g., Automated group-cage (AGC), PhenoSys
GmbH, Berlin, Germany; Intellicage (IC), Newbehavior AG,
Zurich, Switzerland). In these home-cages, mice or rats are free
to move and interact with each other but they can also vol-
untarily access operant modules situated inside or outside the
home-cage. Using the Home Cage Panels (PRS Italia, Rome, Italy)
Zoratto and colleagues (2013) developed a setting where ani-
mals were pair-housed, but could be tested singly. Furthermore,
to assess social behavior in more detail programmes have been
developed to analyse social interactions (De Chaumont et al.,
2012). Thus, future studies in social neuroscience in rodents
should develop protocols that combine new possibilities of
studying the role of neural structures in behavior, such as by
optogenetics, with well-defined and controlled home-cage social
settings. This would allow inducing changes in behavior due
to changes in neural structures within a social context in a
controlled way.
CONCLUDING REMARKS
A large extent of the exceptional success of the human species
is related to our complex social life. It is therefore important
to properly understand in what way the social environment
may modulate decision-making. In the foregoing sections we
have highlighted research on this topic, both from human and
animal-based neuropsychological studies as well as insights from
a behavioral ecology perspective. It is the combination of these
top-down and bottom-up approaches that may enable us to
fully understand decision-making and the social factors that
affect it.
Although humans are outperforming animals regarding social
skills, rodents and other animals bear some fundamental aspects
of these skills as well, indicating the important role of social influ-
ences on decision-making in evolution. These comparisons may
therefore not only enable us to better understand our own behav-
ior, they may help us understand the ways in which our behavior
may be fundamentally similar or different from that of other
animals. However, with a few exceptions—like the observational
fear learning task and Prisoner’s Dilemma game—these kinds
of translations between human and rodent based neuropsy-
chological studies and behavioral ecology studies have rarely
been done.
Future studies on social modulation of decision-making can
therefore benefit by making the links between both fields of
research and taking both a top-down and bottom-up approach.
Furthermore, this may enable us to go beyond general social
modulating effects and allow to understand how individual char-
acteristics and heterogeneity within groups affect decisions that
individuals make and the way this may ultimately affect group
functioning, such as can be seen in human society. For instance,
future experiments should focus on further dissecting the inter-
action between social stress, gender and decision-making taking
timing, the kind of decision-making task and coping style into
account. While in rats social stress has been mainly studied
in the context of coping styles and neuro-endocrine changes
(Koolhaas et al., 1999, 2010) as well as long-term consequences
related to depression and buffering effects of the social environ-
ment hereon (e.g., Blanchard et al., 1995, 2001, 2002; Von Frijtag
et al., 2000), no studies exist which have explicitly looked at
decision-making either related to food, social partners or other-
wise. Clearly such studies are needed in parallel to human studies
to unravel short- and long-term effects of social stress in male and
female subjects.
As argued, studies are needed in humans and animals under
real-life conditions to assess the impact of (stressful) events
on subsequent decisions. For instance, Newman and colleagues
(2007) showed that daily hassles affected the decision to eat
in female subjects in real life. Such studies clearly help in
understanding both similarities and discrepancies between find-
ings in real life and laboratory findings and thus enhance
the application of laboratory-acquired knowledge in real-life
conditions.
For a successful cross-species approach it is mandatory to show
that the same principles underlie changes in decision-making
behavior regarding social interactions and stress. This is all the
more important when focusing e.g., on sex differences (van den
Bos et al., 2013a). Thus, this requires understanding social behav-
ior and its underlying principles in the context of behavioral
ecology as outlined under section Decision-making in a social
context for instance. Furthermore, it requires to use paradigms
which in a species-specific way tap-off similar phenomena and/or
are matched as closely as possible (see de Visser et al., 2011; van
den Bos et al., 2012, 2013a; Jimura et al., 2013).
As a final remark, we do hope that this review may
serve as a fruitful starting point for extending current stud-
ies and discussions of decision-making by incorporating the
social environment.
ACKNOWLEDGMENTS
The authors wish to thank Dr. Leonie de Visser for fruitful dis-
cussions. Furthermore, we wish to thank the reviewers whose
comments helped to improve the focus of a number of sections
of this review. The contribution of Jolle W. Jolles was supported
by the Biotechnology and Biological Sciences Research Council
(BBSRC).
Frontiers in Human Neuroscience www.frontiersin.org June 2013 | Volume 7 | Article 301 | 11
van den Bos et al. Decision-making in a social context
REFERENCES
Arnsten, A. F. T. (1998). The
biology of being frazzled.
Science 280, 1711–1712. doi:
10.1126/science.280.5370.1711
Arnsten, A. F. T. (2009). Stress sig-
nalling pathways that impair pre-
frontal cortex structure and func-
tion. Nat. Rev. 10, 410–422.
Asch, S. E. (1955). Opinions and social
pressure. Sci. Am. 193, 31–35.
Asch, S. E. (1956). Studies of indepen-
dence and conformity: I a minority
of one against a unanimous major-
ity. Psychol. Monograms 70, 1–70.
Aureli, F., van Schaik, C. P., and
van Hooff, J. A. R. A. M. (1989).
Functional aspects of recon-
ciliation among long-tailed
macaques (Macaca fascicularis).
Am. J. Primatol. 19, 39–51. doi:
10.1002/ajp.1350190105
Axelrod, R., and Hamilton, W. D.
(1981). The evolution of coopera-
tion. Science 211, 1390–1396. doi:
10.1126/science.7466396
Ballerini, M., Cabibbo, N., Candelier,
R., Cavagna, A., Cisbani, E.,
Giardina, I., et al. (2008).
Interaction ruling animal col-
lective behavior depends on
topological rather than metric dis-
tance: evidence from a field study.
Proc. Natl. Acad. Sci. U.S.A. 105,
1232–1237.
Baron, R. (1996). The Forgotten vari-
able in conformity research: impact
of task importance on social influ-
ence. J. Pers. Soc. Psychol. 71,
915–927.
Beauchamp, G. (2000). The effect of
prior residence and pair bond on
scrounging choices in flocks of zebra
finches, Taenopygia guttata. Behav.
Processes 52, 131–140.
Beauchamp, G. (2003). Group-size
effects on vigilance: a search for
mechanisms. Behav. Processes 63,
111–121.
Bechara, A. (2005). Decision mak-
ing, impulse control and loss
of willpower to resist drugs: a
neurocognitive perspective. Nat.
Neurosci. 8, 1458–1463.
Behrens, T. E., Hunt, L. T., and
Rushworth, M. F. (2009). The
computation of social behav-
ior. Science 324, 1160–64. doi:
10.1126/science.1169694
Berns, G., Capra, C., Moore, S., and
Noussair, C. (2010). Neural mech-
anisms of the influence of pop-
ularity on adolescent ratings of
music. Neuroimage 49, 1–24. doi:
10.1016/j.neuroimage.2009.10.070
Berns, G. S., Chappelow, J., Zink,
C. F., Pagnoni, G., Martin-Skurski,
M. E., and Richards, J. (2005).
Neurobiological correlates of social
conformity and independence dur-
ing mental rotation. Biol. Psychiatry
58, 245–253.
Billeke, P., Zamorano, F., Cosmelli, D.,
and Aboitiz, F. (2012). Oscillatory
brain activity correlates with risk
perception and predicts social deci-
sions. Cereb. Cortex doi: 10.1093/
cercor/bhs269. [Epub ahead of
print].
Blanchard, D. C., Spencer, R. L.,
Weiss, S. M., Blanchard, R. J.,
McEwen, B., and Sakai, R. R.
(1995). Visible burrow system as
a model of chronic social stress,
behavioral and neuroendocrine
correlates. Psychoneuroendocrinoly
20, 117–134. doi: 10.1016/0306-
4530(94)E0045-B
Blanchard, R. J., and Blanchard, D.
C. (1989). Antipredator defensive
behaviors in a visible burrow sys-
tem. J. Comp. Psychol. 103, 70–82.
Blanchard, R. J., McKittrick, C. R., and
Blanchard, D. C. (2001). Animal
models of social stress: effects on
behaviour and brain neurochem-
ical systems. Physiol. Behav. 73,
261–271.
Blanchard, R. J., McKittrick, C. R.,
Hardy, M. P., and Blanchard, D.
C. (2002). “Social stress affects
hormones, brain and behavior,”
in Hormones and Behavior, eds
D. Pfaff, A. Arnold, A. Etgen, S.
Fahrbach, R. Rubin (San Diego, CA:
Academic Press), 735–772.
Bond, R. (2005). Group size and
conformity. Group Proces.
Intergroup Relat. 8, 331–354.
doi: 10.1177/1368430205056464
Bond, R., and Smith, P. B. (1996).
Culture and conformity: a meta-
analysis of studies using Asch’s
(1952b, 1956) line judgment task.
Psychol. Bull. 119, 111–137.
Boyd, R., and Richerson, P. J. (1985).
Culture and the Evolutionary Process.
Chicago, IL: The University of
Chicago Press.
Brown, M. F., Knight-Green, M. B.,
Lorek, E. J., Packard, C., Shallcross,
W. L., Wifall, T., et al. (2008).
Social working memory: memory
for another rat’s spatial choices can
increase or decrease choice tenden-
cies. Learn. Behav. 36, 327–340.
Bruchey, A. K., Jones, C. E., and
Monfils, M. H. (2010). Fear con-
ditioning by-proxy: social trans-
mission of fear during memory
retrieval. Behav. Brain Res. 214,
80–84.
Bshary, R., and Grutter, A. S. (2002).
Asymmetric cheating oppor-
tunities and partner control
in a cleaner fish mutualism.
Anim. Behav. 63, 547–555. doi:
10.1006/anbe.2001.1937
Burke, C. J., Tobler, P. N., Schultz,
W., and Baddeley, M. (2010).
Striatal BOLD response reflects
the impact of herd informa-
tion on financial decisions.
Front. Hum. Neurosci. 4:48. doi:
10.3389/fnhum.2010.00048
Campanhã, C., Minati, L., Fregni,
F., and Boggio, P. S. (2011).
Responding to unfair offers
made by a friend: Neuroelectrical
activity changes in the ante-
rior medial prefrontal cortex.
J. Neurosci. 31, 15569–15574. doi:
10.1523/JNEUROSCI.1253-11.2011
Campbell-Meiklejohn, D. K., Bach, D.
R., Roepstorff, A., Dolan, R. J., and
Frith, C. D. (2010). How the opin-
ion of others affects our valuation of
objects. Curr. Biol. 20, 1165–1170.
Chen, Q., Panksepp, J. B., and Lahvis,
G. P. (2009). Empathy is mod-
erated by genetic background in
mice. PLoS ONE 4:e4387. doi:
10.1371/journal.pone.0004387
Choleris, E., and Kavaliers, M. (1999).
Social learning in animals: sex dif-
ferences and neurobiological anal-
ysis. Pharmacol. Biochem. Behav.
64, 767–776. doi: 10.1016/S0091-
3057(99)00141-0
Clutton-Brock, T. H. (2002). Breeding
together: kin selection, reciprocity
and mutualism in cooperative ani-
mal societies. Science 296, 69–72.
doi: 10.1126/science.296.5565.69
Clutton-Brock, T. H. (2009).
Cooperation between non-kin
in animal societies. Nature 462,
51–57. doi: 10.1038/nature08366
Conradt, L., and Roper, T. J. (2003).
Group decision-making in ani-
mals. Nature 421, 155–158. doi:
10.1038/nature01294
Conradt, L., and Roper, T. J. (2005).
Consensus decision making in ani-
mals. Trends Ecol. Evol. 20, 449–456.
doi: 10.1016/j.tree.2005.05.008
Coolen, I., Van Bergen, Y., Day, R.
L., and Laland, K. N. (2003).
Species difference in adaptive use of
public information in sticklebacks.
Proc. Biol. Sci. 270, 2413–2419. doi:
10.1098/rspb.2003.2525
Coolen, I., Ward, A. J. W., Hart, P. J. B.,
and Laland, K. N. (2005). Foraging
nine-spined sticklebacks prefer to
rely on public information over sim-
pler social cues. Behav. Ecol. 16,
865–870.
Coppens, C. M., de Boer, S. F., and
Koolhaas, J. M. (2010). Coping
styles and behavioural flexibility:
towards underlying mechanisms.
Philos. Trans. R. Soc. Lond. B
Biol. Sci. 365, 4021–4028. doi:
10.1098/rstb.2010.0217
Cornelisse, S., van Stegeren, A. H.,
and Joëls, M. (2011). Implications
of psychosocial stress on mem-
ory formation in a typical male




Cousino Klein, L., and Corwin, E. J.
(2002). Seeing the unexpected: how
sex differences in stress responses
may provide a new perspective on
the manifestations of psychiatric
disorders. Curr. Psychiatry Rep. 4,
441–448. doi: 10.1007/s11920-002-
0072-z
Couzin, I. D. (2009). Collective cogni-
tion in animal groups. Trends Cogn.
Sci 13, 36–43.
Couzin, I. D., and Franks, N. R. (2003).
Self-organized lane formation and
optimized traffic flow in army ants.
Proc. Biol. Sci. 270, 139–146. doi:
10.1098/rspb.2002.2210
Couzin, I. D., and Krause, J. (2003).
Self-organization and collective
behavior in vertebrates. Adv. Stud.
Behav. 32, 1–75.
Couzin, I. D., Krause, J., Franks,
N. R., and Levin, S. A. (2005).
Effective leadership and decision-
making in animal groups on the
move. Nature 433, 513–516. doi:
10.1038/nature03236
Cris¸an, L. G., Pana, S., Vulturar, R.,
Heilman, R. M., Szekely, R., Drug˘a,
B., et al. (2009). Genetic contribu-
tions of the serotonin transporter to
social learning of fear and economic
decision making. Soc. Cogn. Affect.
Neurosci. 4, 399–408.
Crone, E. A., and van der Molen, M.
W. (2004). Developmental changes
in real life decision mak- ing: per-
formance on a gambling task pre-
viously shown to depend on the
ventromedial prefrontal cortex. Dev.
Neuropsychol. 25, 251–279.
Dally, J. M., Clayton, N. S., and Emery,
N. J. (2008). Social influences on
foraging by rooks (Corvus frugi-
legus). Behaviour 145, 1101–1124.
doi: 10.1163/156853908784474470
Danchin, E., Giraldeau, L.-A., Valone,
T. J., and Wagner, R. H. (2004).
Public information: from nosy
neighbors to cultural evolu-
tion. Science 305, 487–491. doi:
10.1126/science.1098254
Davies, N. B., Krebs, J. R., and West,
S. A. (2012). An Introduction to
Behavioural Ecology. Oxford: Wiley-
Blackwell.
Day, R. L., Macdonald, T., Brown, C.,
Laland, K. N., and Reader, S. M.
(2001). Interactions between shoal
size and conformity in guppy social
foraging. Anim. Behav. 62, 917–925.
doi: 10.1006/anbe.2001.1820
De Chaumont, F., Coura, R. D.-S.,
Serreau, P., Cressant, A., Chabout,
Frontiers in Human Neuroscience www.frontiersin.org June 2013 | Volume 7 | Article 301 | 12
van den Bos et al. Decision-making in a social context
J., Granon, S., et al. (2012).
Computerized video analysis of
social interactions in mice. Nat.
Methods 4, 410–417.
De Dreu, C. K. W., Greer, L. L.,
Handgraaf, M. J. J., Shalvi, S.,
van Kleef, G. A., Baas, M., et al.
(2010). The neuropeptide oxy-
tocin regulates parochial altruism
in intergroup conflict among
humans. Science 328, 1408–1411.
doi: 10.1126/science.1189047
Dellu, F., Piazza, P. V., Mayo, W.,
Le Moal, M., and Simon, H.
(1996). Novelty-seeking in rats
- biobehavioral characteristics
and possible relationship with the
sensation-seeking trait in man.
Neuropsychobiology 34, 136–145.
doi: 10.1159/000119305
de Visser, L., Homberg, J. R.,
Mitsogiannis, M., Zeeb, F. D.,
Rivalan, M., Fitoussi, A., et al.
(2011). Rodent versions of the
Iowa gambling task: opportu-
nities and challenges for the
understanding of decision-
making. Front. Neurosci. 5:109.
doi: 10.3389/fnins.2011.00109
de Visser, L., van der Knaap, L. J., van
der Loo, A. J. A. E., van de Weerd,
C. M. M., Ohl, F., and van den
Bos, R. (2010). Trait anxiety affects
decision-making differently in
healthy men and women: towards
gender-specific endophenotypes
of anxiety. Neuropsychologia 48,
1598–1606. doi: 10.1016/j.neuro
psychologia.2010.01.027
Dias-Ferreira, E., Sousa, J. C., Melo,
I., Morgado, P., Mesquita, A.
R., Cerqueira, J. J., et al. (2009).
Chronic stress causes frontostriatal
reorganization and affects decision-
making. Science 325, 621–625. doi:
10.1126/science.1171203
Dickerson, S. S., and Kemeny, M. E.
(2004). Acute stressors and cortisol
responses: A theoretical integration
and synthesis of laboratory research.
Psychol. Bull. 130, 355–391.
Dindo, M., Whiten, A., and De Waal,
F. B. M. (2009). In-group confor-
mity sustains different foraging tra-
ditions in capuchin monkeys (Cebus
apella). PLoS ONE 4:e7858. doi:
10.1371/journal.pone.0007858
Dyer, J. R. G., Ioannou, C. C.,
Morrell, L. J., Croft, D. P.,
Couzin, I. D., Waters, D. A.,
et al. (2008). Consensus deci-
sion making in human crowds.
Anim. Behav. 75, 461–470. doi:
10.1016/j.anbehav.2007.05.010
Efferson, C., Lalive, R., Richerson,
P. J., McElreath, R., and Lubell,
M. (2008). Conformists and
mavericks: the empirics of
frequency-dependent cultural
transmission. Evol. Hum. Behav. 29,
56–64. doi: 10.1016/j.evolhum
behav.2007.08.003
Epstein, D. H., Willner-Reid, J.,
Vahabzadeh, M., Mezghanni, M.,
Lin, J. L., and Preston, K. L. (2009).
Real-time electronic diary reports
of cue exposure and mood in the
hours before cocaine and heroin
and use. Arch. Gen. Psychiatry 66,
88–94. doi: 10.1001/archgenpsychi-
atry.2008.509
Erickson, K., Drevets, W., and
Schulkin, J. (2003). Glucocorticoid
regulation of diverse cognitive
functions in normal and patho-
logical emotional states. Neurosci.
Biobehav. Rev. 27, 233–246. doi:
10.1016/S0149-7634(03)00033-2
Fehr, E., and Fischbacher, U. (2003).
The nature of human altru-
ism. Nature 425, 785–791. doi:
10.1038/nature02043
Fehr, E., and Fischbacher, U. (2004a).
Social norms and human coopera-
tion. Trends Cogn. Sci. 8, 185–190.
Fehr, E., and Fischbacher, U. (2004b).
Third-party punishment and social
norms. Evol. Hum. Behav. 25,
63–87. doi: 10.1016/S1090-5138
(04)00005-4
Fiorillo, C. D., Tobler, P. N., and
Schultz, W. (2003). Discrete coding
of reward probability and uncer-
tainty by dopamine neurons. Science
299, 1898–1902. doi: 10.1126/sci-
ence.1077349
Foley, P., and Kirschbaum, C.
(2010). Human hypothalamus-
pituitary- adrenal axis responses
to acute psychosocial stress in
laboratory settings. Neurosci.
Biobehav. Rev. 35, 91–96. doi:
10.1016/j.neubiorev.2010.01.010
Frank, S. A. (2003). Perspective: repres-
sion of competition and the evolu-
tion of cooperation. Evolution 57,
693–705.
Franks, N. R., Dornhaus, A.,
Fitzsimmons, J. P., and Stevens,
M. (2003). Speed versus accuracy
in collective decision making. Proc.
Biol. Sci. 270, 2457–2463. doi:
10.1098/rspb.2003.2527
Franks, N. R., and Richardson, T.
(2006). Teaching in tandem-
running ants. Nature 439, 153. doi:
10.1038/439153a
Fraser, D. N., Stahl, D., and Aureli,
F. (2008). Stress reduction
through consolation in chim-
panzees. Proc. Natl. Acad. Sci.
U.S.A. 105, 8557–8562. doi:
10.1073/pnas.0804141105
Fretwell, S. D. (1972). Populations in
a Seasonal Environment. Princeton,
NJ: Princeton University Press
Frith, C. D., and Singer, T. (2008). The
role of social cognition in decision
making. Philos. Trans. R. Soc. B Biol.
Sci. 363, 3875–3886.
Galef, B. (1995). Why behaviour
patterns that animals learn
socially are locally adaptive.
Anim. Behav. 49, 1325–1334. doi:
10.1006/anbe.1995.0164
Galef, B. G. (1986). Social interaction
modifies learned aversions, sodium
appetite, and both palatability and
handling-time induced dietary pref-
erence in rats (Rattus norvegicus).
J. Comp. Psychol. 100, 432–439. doi:
10.1037/0735-7036.100.4.432
Galef, B. G. (1988). “Imitation in
animals: history, definition and
interpretation of data form the
psychological laboratory,” in
Social Learning: Psychological and
Biological Perspectives, eds T. R.
Zentall and B. G. Galef (Hillsdale:
Erlbaum), 3–28.
Galef, B. G. (2007). “Social learn-
ing in rodents,” in Rodent Societies.
eds P. W. Sherman and J. Wolff
(Chicago: University of Chicago
Press), 207–215.
Galef, B. G., and Giraldeau, L.-
A. (2001). Social influences on
foraging in vertebrates: causal
mechanisms and adaptive func-
tions. Anim. Behav. 61, 3–15. doi:
10.1006/anbe.2000.1557
Galef, B. G., and Whiskin, E. E.
(1995). Learning socially to eat
more of one food than of another.
J. Comp. Psychol. 109, 99–101. doi:
10.1037/0735-7036.109.1.99
Galef, B. G., and Whiskin, E. E.
(1998). Limits on social influence
on food choices of Norway rats.
Anim. Behav. 56, 1015–1020. doi:
10.1006/anbe.1998.0867
Galef, B. G., and Whiskin, E. E.
(2008). “Conformity” in Norway
rats. Anim. Behav. 75, 2035–2039.
doi: 10.1016/j.anbehav.2007.11.012
Gardner, M., and Steinberg, L. (2005).
Peer influence on risk taking, risk
preference, and risky decision mak-
ing in adolescence and adulthood,
an experimental study. Dev. Psychol.
41, 625–635.
Giraldeau, L.-A., and Caraco, T. (2000).
Social Foraging Theory. Princeton,
NJ: Princeton University Press.
Goldstein, J. M., Jerram, M., Abbs, B.,
Whitfield-Gabrieli, S., and Makris,
N. (2010). Sex differences in
stress response circuitry activation
dependent on female hormonal
cycle. J. Neurosci. 30, 431–438. doi:
10.1523/JNEUROSCI.3021-09.2010
Graham, L. K., Yoon, T., and Kim,
J. J. (2010). Stress impairs optimal
behavior in a water foraging choice
task in rats. Learn. Mem. 17, 1–4.
Granholm, E., Loh, C., and Swendsen,
J. (2008). Feasibility and validity
of computerized ecological momen-
tary assessment in schizophrenia.
Schizophr. Bull. 34, 507–514.
Griffiths, R. A., and Foster, J. P. (1998).
The effect of social interactions on
tadpole activity and growth in the
British anuran amphibians (Bufo
bufo, B. calamita, and Rana tem-
poraria). J. Zool. Soc/ London 245,
431–437.
Guzmán, Y. F., Tronson, N. C., Guedea,
A., Huh, K. H., Gao, C., and
Radulovic, J. (2009). Social mod-
eling of conditioned fear in mice
by non-fearful conspecifics. Behav.
Brain Res. 201, 173–178.
Hamilton, W. D. (1964). The genetical
evolution of social behaviour, I and
II. J. Theor. Biol. 7, 1–52.
Hammerstein, P. (2003). Genetic and
Cultural Evolution of Cooperation.
Cambridge, UK: MIT Press.
Harcourt, J. L., Ang, T. Z., Sweetman,
G., Johnstone, R. A., and Manica,
A. (2009). Social feedback and the
emergence of leaders and followers.
Curr. Biol. 19, 248–252.
Harper, D. G. C. (1982). Competitive
foraging in mallards: ‘ideal
free’ ducks. Anim. Behav. 30,
575–558. doi: 10.1016/S0003-
3472(82)80071-7
Heinrichs, M., Baumgartner, T.,
Kirschbaum, C., and Ehlert, U.
(2003). Social support and oxytocin
interact to suppress cortisol and
subjective responses to psychoso-
cial stress. Biol. Psychiatry 54,
1389–1398.
Helbing, D., Farkas, I., and Vicsek, T.
(2000). Simulating dynamical fea-
tures of escape panic. Nature 407,
487–490. doi: 10.1038/35035023
Helbing, D., and Molnar, P. (1995).
Social force model for pedes-
trian dynamics. Phys. Rev. E 51,
4282–4286.
Henckens, M. J., van Wingen, G. A.,
Joëls, M., and Fernández, G. (2011).
Time-dependent corticosteroid
modulation of prefrontal working
memory processing. Proc. Natl.
Acad. Sci. U.S.A. 108, 5801–5806.
Henrich, J., Bowles, S., Smith, E. A.,
Young, P., Boyd, R., Sigmund, K.,
et al. (2003). “The cultural and
genetic evolution of human coop-
eration,” in Genetic and Cultural
Evolution of Cooperation, ed P.
Hammerstein (Cambridge, MA:
MIT Press), 445–468.
Herbert-Read, J., Perna, A., Mann, R.
P., Schaerf, T. M., Sumpter, D. J. T.,
and Ward, A. J. W. (2011). Inferring
the rules of interaction of shoal-
ing fish. Proc. Natl. Acad. Sci. U.S.A.
108, 18726–18731.
Heyes, C. M. (1994). Social learn-
ing in animals: categories and
Frontiers in Human Neuroscience www.frontiersin.org June 2013 | Volume 7 | Article 301 | 13
van den Bos et al. Decision-making in a social context
mechanisms. Biol. Rev. 69,
207–231.
Heyes, C. M., and Galef, B. G. (1996).
Social Learning in Animals: The
Roots of Culture. London: Academic
Press.
Hillman, K. L., and Bilkey, D. K.
(2012). Neural encoding of com-
petitive effort in the anterior cin-
gulate cortex. Nat. Neurosci. 15,
1290–1297.
Homberg, J. R. (2012). Serotonin
and decision making processes.
Neurosci. Biobehav. Rev. 36,
218–336.
Hooker, C. I., Verosky, S. C., Miyakawa,
A., Knight, R. T., and D’Esposito,
M. (2008). The influence of per-
sonality on neural mechanisms




Huettel, S. A., and Kranton, R. E.
(2012). Identity economics and the
brain: uncovering the mechanisms
of social conflict. Philos. Trans. R.
Soc. B Biol. Sci. 367, 680–691.
Husky, M. M., Gindre, C., Mazure, C.
M., Brebant, C., Nolen-Hoeksema,
S., Sanacora, G., et al. (2010).
Computerized ambulatory
monitoring in mood disorders,
Feasibility, compliance, and reac-
tivity. Psychiatry Res. 178, 440–442.
doi: 10.1016/j.psychres.2010.04.045
Jeon, D., Kim, S., Chetana, M., Jo,
D., Ruley, H. E., Lin, S. Y., et al.
(2010). Observational fear learning
involves affective pain system and
Cav1.2 Ca2+ channels in ACC. Nat.
Neurosci. 13, 482–488.
Jimura, K., Chushak, M. S., and
Braver, T. S. (2013). Impulsivity and
self-control during intertemporal
decision making linked to the
neural dynamics of reward value
representation. J. Neurosci. 33,
344–357. doi: 10.1523/
JNEUROSCI.0919-12.2013
Joëls, M., Sarabdjitsingh, R. A., and
Karst, H. (2012). Unraveling the
time domains of corticosteroid hor-
mone influences on brain activity:
rapid, slow, and chronic modes.
Pharmacol. Rev. 64, 901–938.
Johnson, E. I., Grondin, O., Barrault,
M., Faytout, M., Helbig, S., Husky,
M., et al. (2009). Computerized
ambulatory monitoring in psychia-
try, a multi-site collaborative study
of acceptability, compliance, and
reactivity. Int. J. Methodol. Psychiatr.
Res. 18, 48–57.
Jolles, J. W., de Visser, L., and van den
Bos, R. (2011). Male Wistar rats
show individual differences in an
animal model of conformity. Anim.
Cogn. 14, 769–773.
Jolles, J. W., King, A., Manica, A.,
and Thornton, A. (2013a).
Heterogeneous structure in
mixed-species corvid flocks
in flight. Anim. Behav. 85,
743–750.
Jolles, J. W., Ostojic´, L., and Clayton,
N. S. (2013b). Dominance, pair
bonds and boldness determine
social foraging tactics in rooks
(Corvus frugilegus). Anim. Behav.
85, 1261–1269. doi: 10.1016/j.
anbehav.2013.03.013
Joly, D., and Sanger, D. J. (1991).
Social competition in rats: a test
sensitive to acutely administered
anxiolytics. Behav. Pharmacol. 2,
205–213.
Kelly, M. M., and Forsyth, J. P. (2007).
Sex differences in response to
an observational fear condition-
ing procedure. Behav. Ther. 38,
340–349.
Kelly, M. M., and Forsyth, J. P. (2009).
Associations between emotional
avoidance, anxiety sensitivity, and
reactions to an observational fear
challenge procedure. Behav. Res.
Ther. 47, 331–338.
Kelly, M. M., Tyrkaa, A. R., Anderson,
G.M., Pricea, L. H., and Carpentera,
L. L. (2008). Sex differences in emo-
tional and physiological responses
to the Trier Social Stress Test.
J. Behav. Ther. Exp. Psychiatry 39,
87–98.
Kendal, R. L., Coolen, I., Van Bergen,
Y., and Laland, K. N. (2005). Trade-
offs in the adaptive use of social and
asocial Learning. Adv. Study Behav.
35, 333–379. doi: 10.1016/S0065-
3454(05)35008-X
Kern, S., Oakes, T. R., Stone, C. K.,
McAuliff, E. M., Kirschbaum, C.,
and Davidson, R. J. (2008). Glucose
metabolic changes in the prefrontal
cortex are associated with HPA axis




King, A. J., Johnson, D. D. P., and
Van Vugt, M. (2009). The ori-
gins and evolution of leadership.
Curr. Biol. 19, R911–R916. doi:
10.1016/j.cub.2009.07.027
Kirschbaum, C., Kudielka, B. M., Gaab,
J., Schommer, N. C., and Hellhamer,
D. H. (1999). Impact of gen-
der, menstrual cycle phase, and
oral contraceptives on the activ-
ity of the hypothalamus-pituitary-
adrenal axis. Psychosom. Med. 61,
154–162.
Kirschbaum, C., Pirke, K. M., and
Hellhamer, D. H. (1993). The ‘Trier
Social Stress Test’ - a tool for
investigating psychobiological stress
responses in a laboratory setting.
Neuropsychobiology 28, 76–81. doi:
10.1159/000119004
Kiyokawa, Y., Kikusui, T., Takeuchi,
Y., and Mori, Y. (2004). Partner’s
stress status influences social buffer-
ing effects in rats. Behav. Neurosci.
118, 798–804.
Kiyokawa, Y., Shimozuru, M., Kikusui,
T., Takeuchi, Y., and Mori, Y. (2006).
Alarm pheromone increases defen-
sive and risk assessment behaviors
in male rats. Physiol. Behav. 87,
383–387.
Klucharev, V., Hytönen, K., Rijpkema,
M., Smidts, A., and Fernández,
G. (2009). Reinforcement learning
signal predicts social conformity.
Neuron 61, 140–151. doi: 10.1016/j.
neuron.2008.11.027
Knapska, E., Mikosz,M., Werka, T., and
Maren, S. (2010). Social modulation
of learning in rats. Learn. Mem. 17,
35–42.
Koolhaas, J. M., De Boer, S. F.,
Coppens, C. M., and Buwalda,
B. (2010). Neuroendocrinology
of coping styles: towards




Koolhaas, J. M., Korte, S. M., De
Boer, S. F., Van Der Vegt, B. J.,
Van Reenen, C. G., Hopster, H.,
et al. (1999). Coping styles in
animals: current status in behav-
ior and stress-physiology. Neurosci.
Biobehav. Rev. 23, 925–935.
Koot, S., Baars, A., Hesseling, P., van
den Bos, R., and Joëls, M. (2011).
“Stress and decision-making in
rats, effects of corticosterone,”
in EBBS Conference Seville Spain
September, (Seville) 9-12 2011,
Abstract D12–D49.
Koot, S., Baars, A., Hesseling, P.,
van den Bos, R., and Joëls, M.
(2013). Time-dependent effects
of corticosterone in a rodent




Koski, S. E., Koops, K., and Sterck, E. H.
M. (2007). Reconciliation, relation-
ship quality, and postconflict anxi-
ety: Testing the integrated hypoth-
esis in captive chimpanzees. Am. J.
Primatol. 69, 1–15.
Krause, J., and Ruxton, G. D. (2002).
Living in groups. Oxford: Oxford
University Press.
Kudielka, B. M., and Kirschbaum, C.
(2005). Sex differences in HPA axis
responses to stress: a review. Biol.
Psychol. 69, 113–132.
Kurvers, R. H. J. M., Van Oers, K.,
Nolet, B., Jonker, R.M., VanWieren,
S. E., Prins, H. H. T., et al.
(2010). Personality predicts the use
of social information. Ecol. Lett. 13,
829–837.
Lachlan, R. F., Crooks, L., and Laland,
K. N. (1998). Who follows whom.
Shoaling preferences and social
learning of foraging informa-
tion in guppies. Anim. Behav. 56,
181–190. doi: 10.1006/anbe.1998.
0760
Laland, K. N. (2004). Social learning
strategies. Learn. Behav. 32, 4–14.
Laland, K. N. (2008). Animal cul-
tures. Curr. Biol. 18, R366–R370.
doi: 10.1016/j.cub.2008.02.049
Laland, K. N., and Williams, K. (1997).
Shoaling generates social learning
of foraging information in guppies.
Anim. Behav. 53, 1161–1169. doi:
10.1006/anbe.1996.0318
Laland, K. N., and Williams, K.
(1998). Social transmission of
maladaptive information in the
guppy. Behav. Ecol. 9, 493–499. doi:
10.1093/beheco/9.5.493
Laland, K. N., Atton, N., and Webster,
M. M. (2011). From fish to fash-
ion: experimental and theoretical
insights into the evolution of cul-
ture. Philos. Trans. R. Soc. Lond.
B Biol. Sci. 366, 958–968. doi:
10.1098/rstb.2010.0328
Lempert, K. M., Porcelli, A. J.,
Delgado, M. R., and Tricomi,
E. (2012). Individual differences
in delay discounting under acute
stress: the role of trait perceived
stress. Front. Psychol. 3:251. doi:
10.3389/fpsyg.2012.00251
Lieberman, M. D. (2007). Social cogni-
tive neuroscience: a review of core
processes. Annu. Rev. Psychol. 58,
259–289. doi: 10.1146/annurev.
psych.58.110405.085654
Lighthall, N. R., Mather, M., and
Gorlick, M. A. (2009). Acute stress
increases sex differences in risk
seeking in the balloon analogue
risk task. PLoS ONE 4:e6002, 1–6.
doi:10.1371/journal.pone.0006002
Łopuch, S., and Popik, P. (2011).
Cooperative behavior of labora-
tory rats (Rattus norvegicus) in
an instrumental task. J. Comp.
Psychol. 125, 250–253. doi:
10.1037/a0021532
Magnhagen, C., and Bunnefeld,
N. (2009). Express your per-
sonality or go along with the
group: what determines the
behaviour of shoaling perch. Proc.
Biol. Sci. 276, 3369–3375. doi:
10.1098/rspb.2009.0851
Maruyama, Y., Kawano, A., Okamoto,
S., Ando, T., Ishitobi, Y., Tanaka,
Y., et al. (2012). Differences in
salivary alpha-amylase and corti-
sol responsiveness following expo-
sure to electrical stimulation versus
Frontiers in Human Neuroscience www.frontiersin.org June 2013 | Volume 7 | Article 301 | 14
van den Bos et al. Decision-making in a social context
the Trier Social Stress Tests. PLoS
ONE 7:e39375. doi: 10.1371/jour-
nal.pone.0039375
Mather, M., Lighthall, N. R., Nga, L.,
and Gorlick, M. A. (2010). Sex
differences in how stress affects
brain activity during face view-
ing. Neuroreport 21, 933–937. doi:
10.1097/WNR.0b013e32833ddd92
Maynard Smith, J., and Price, G. R.
(1973). The logic of animal conflict.
Nature 246, 15–18. doi: 10.1038/
246015a0
Morgan, T. J. H., and Laland, K. N.
(2012). The biological bases of con-
formity. Front. Neurosci 6:87. doi:
10.3389/fnins.2012.00087
Nagy, M., Akos, Z., Biro, D., and
Vicsek, T. (2010). Hierarchical
group dynamics in pigeon flocks.
Nature 464, 890–893. doi: 10.1038/
nature08891
Nater, U. M., La Marca, R., Florin,
L., Moses, A., Langhans, W.,
Koller, M. M., et al. (2006). Stress-
induced changes in human salivary
alpha-amylase activity - associ-




Nater, U. M., and Rohleder, N.
(2009). Salivary alpha-amylase
as a non-invasive biomarker for
the sympathetic nervous sys-




Nater, U. M., Rohleder, N., Gaab, J.,
Berger, S., Jud, A., Kirschbaum,
C., et al. (2005). Human sali-
vary alpha-amylase reactivity in a
psychosocial stress paradigm. Int.
J. Psychophysiol. 55, 333–342. doi:
10.1016/j.ijpsycho.2004.09.009
Nater, U. M., Rohleder, N., Schlotze,
W., Ehlert, U., and Kirschbaum, C.
(2007). Determinants of the diurnal




Néda, Z., Ravasz, E., Brechet, Y., Vicsek,
T., and Barabási, A. L. (2000). The
sound of many hands clapping.
Nature 403, 849–850. doi: 10.1038/
35002660
Newman, E., O’Connor, D. B., and
Conner, M. (2007). Daily has-
sles and eating behaviour: the




Nicol, C. J., and Pope, S. J. (1999). The
effects of demonstrator social sta-
tus and prior foraging success on
social learning in laying hens. Anim.
Behav. 57, 163–171. doi: 10.1006/
anbe.1998.0920
Nielsen, S. E., Segal, S. K., Worden, I.
V., Yim, I. S., and Cahill, L. (2013).
Hormonal contraception use alters
stress responses and emotional
memory. Biol. Psychol. 92, 257–266.
Olsson, A., and Ochsner, K. N. (2008).
The role of social cognition in emo-
tion. Trends Cogn. Sci. 12, 65–71.
Olsson, A., Nearing, K. I., and Phelps,
E. A. (2007). Learning fears by
observing others: the neural sys-
tems of social fear transmission. Soc.
Cogn. Affect. Neurosci. 2, 3–11. doi:
10.1093/scan/nsm005
Olsson, A., and Phelps, E. A. (2004).
Learned fear of "unseen" faces
after Pavlovian, observational, and
instructed fear. Psychol. Sci. 15,
822–828. doi: 10.1111/j.0956-7976.
2004.00762.x
Olsson, A., and Phelps, E. A. (2007).
Social learning of fear. Nat.
Neurosci. 10, 1095–1102.
Overman, W. H. (2004). Sex differences
in early childhood, adolescence,
and adulthood on cognitive tasks
that rely on orbital prefrontal
cortex. Brain Cogn. 55, 134–147.
doi: 10.1016/S0278-2626(03)
00279-3
Overman, W. H., Frassrand, K.,
Ansel, S., Trawalter, S., Bies,
B., and Redmond, A. (2004).
Performance on the IOWA




Panksepp, J. B., and Lahvis, G. P.
(2011). Rodent empathy and
affective neuroscience. Neurosci.
Biobehav. Rev. 35, 1864–1875. doi:
10.1016/j.neubiorev.2011.05.013
Piazza, P. V., Deroche, V., Deminiere, J.-
M., Maccari, S., Le Moal, M., and
Simon, H. (1993). Corticosterone
in the range of stress-induced lev-
els possesses reinforcing proper-
ties, Implications for sensation-
seeking behaviors. Proc. Natl. Acad.
Sci. U.S.A. 90, 11738–11742. doi:
10.1073/pnas.90.24.11738
Piazza, P. V., and Le Moal, M. (1997).
Glucocorticoids as a biological sub-
strate of reward: physiological and
pathophysiological implications.
Brain Res. Rev. 25, 359–372. doi:
10.1016/S0165-0173(97)00025-8
Pike, T. W., and Laland, K. N. (2010).
Conformist learning in nine-
spined sticklebacks’ foraging
decisions. Biol. Lett. 6, 466–468. doi:
10.1098/rsbl.2009.1014
Pitcher, A. T. J., Magurran, A. E.,
Winfield, I. J., and Pitcher, T.
J. (1982). Fish in larger shoals
find food faster. Behav. Ecol.
Sociobiol. 10, 149–151. doi:
10.1007/BF00300175
Piyapong, C., Krause, J., Chapman, B.
B., Ramnarine, I. W., Louca, V., and
Croft, D. P. (2010). Sex matters: a
social context to boldness in guppies
(Poecilia reticulata). Behav. Ecol. 21,
3–8. doi: 10.1093/beheco/arp142
Porcelli, A. J., and Delgado, M. R.
(2009). Acute stress modulates risk
taking in financial decision making.
Psychol. Sci. 20, 278–283.
Porcelli, A. J., Lewis, A. H., and
Delgado, M. R. (2012). Acute stress
influences neural circuits of reward
processing. Front. Neurosci. 6:157.
doi: 10.3389/fnins.2012.00157
Preston, S. D., Buchanan, T. W.,
Stansfield, R. B., and Bechara, A.
(2007). Effects of anticipatory stress
on decision making in a gambling
task. Behav. Neurosci. 121, 257–263.
Pruessner, J. C., Champagne, F.,
Meaney, M. J., and Dagher, A.
(2004). Dopamine release in
response to a psychological stress
in humans and its relationship to
early life maternal care: a Positron
Emission Tomography study using
[11C]-Raclopride. J. Neurosci. 24,
2825–2831.
Réale, D., Reader, S. M., Sol, D.,
McDougall, P. T., and Dingemanse,
N. J. (2007). Integrating animal
temperament within ecology and
evolution. Biol. Rev. 82, 291–318.
Reebs, S. G. (2000). Can a minority
of informed leaders determine the
foraging movements of a fish shoal.
Anim. Behav. 59, 403–409.
Rilling, J. K., and Sanfey, A. G. (2011).
The neuroscience of social decision-
making. Annu. Rev. Psychol. 62,
23–48.
Rilling, J., Gutman, D., Zeh, T.,
Pagnoni, G., Berns, G., and Kilts,
C. (2002). A neural basis for social
cooperation. Neuron 35, 395–405.
Rudebeck, P. H., Buckley,M. J., Walton,
M. E., and Rushworth, M. F. (2006).
A role for the macaque anterior
cingulate gyrus in social valuation.
Science 313, 1310–1312.
Rutte, C., and Taborsky, M.
(2007). Generalized reciprocity
in rats. PLoS Biol. 5:e196.
doi:10.1371/journal.pbio.0050196
Rutte, C., and Taborsky, M. (2008).
The influence of social experi-
ence on cooperative behaviour of
rats (Rattus norvegicus): direct vs
generalised reciprocity. Behav. Ecol.
Sociobiol. 62, 499–505.
Sanfey, A. G., Rilling, J. K., Aronson,
J. A., Nystrom, L. E., and Cohen,
J. D. (2003). The neural basis
of economic decision-making in
the ultimatum game. Science 300,
1755–1758.
Schneeberger, K., Dietz, M., and
Taborsky, M. (2012). Reciprocal
cooperation between unre-
lated rats depends on cost to
donor and benefit to recipi-
ent. BMC Evol. Biol. 12:41. doi:
10.1186/1471-2148-12-41
Schuett, W., and Dall, S. R. X. (2009).
Sex differences, social context
and personality in zebra finches,
Taeniopygia guttata. Anim. Behav.
77, 1041–1050.
Schwab, C., Bugnyar, T., Schloegl, C.,
and Kotrschal, K. (2008). Enhanced
social learning between siblings
in common ravens, Corvus corax.
Anim. Behav. 75, 501–508.
Schwabe, L., Hoeffken, O., Tegenthoff,
M., andWolf, O. T. (2013). Opposite
effect of noradrenergic arousal on
amygdala processing of fearful faces
in men and women. Neuroimage 73,
1–7.
Seeley, T. D. (2003). Consensus build-
ing during nest-site selection in
honey bee swarms: the expiration
of dissent. Behav. Ecol. Sociobiol. 53,
417–424.
Shafiei, N., Gray, M., Viau, V., and
Floresco, S. B. (2012). Acute stress




Starcke, K., and Brand, M. (2012).
Decision making under stress: a
selective review. Neurosci. Biobehav.
Rev. 36, 1228–1248.
Starcke, K., Polzer, C., Wolf, O. T.,
and Brand, M. (2011). Does stress
alter everyday moral decision-
making. Psychoneuroendocrinology
36, 210–219.
Starcke, K., Wolf, O. T., Markowitsch,
H. J., and Brand, M. (2008).
Anticipatory stress influences deci-
sion making under explicit risk
conditions. Behav. Neurosci. 122,
1352–1360.
Stark, R., Wolf, O. T., Tabbert, K.,
Kagerer, S., Zimmerman, M.,
Kirsch, P., et al. (2006). Influence of
the stress hormone cortisol on fear
conditioning in humans: evidence
for sex differences in the response of
the prefrontal cortex. Neuroimage
32, 1290–1298.
Stevens, J. R., and Hauser, M. D. (2004).
Why be nice. Psychological con-
straints on the evolution of cooper-
ation. Trends Cogn. Sci. 8, 60–65.
Stöwe, M., Bugnyar, T., Heinrich, B.,
and Kotrschal, K. (2006a). Effects
of group size on approach to novel
objects in ravens (Corvus corax).
Ethology 112, 1079–1088.
Stöwe, M., Bugnyar, T., Loretto,
M.-C., Schloegl, C., Range, F.,
and Kotrschal, K. (2006b). Novel
Frontiers in Human Neuroscience www.frontiersin.org June 2013 | Volume 7 | Article 301 | 15
van den Bos et al. Decision-making in a social context
object exploration in ravens
(Corvus corax): effects of social
relationships. Behav. Processes 73,
68–75.
Sumpter, D. J. T. (2006). The princi-
ples of collective animal behaviour.
Philos. Trans. R. Soc. B Biol. Sci. 361,
5–22.
Swaney, W., Kendal, J., Capon, H.,
Brown, C., and Laland, K. N.
(2001). Familiarity facilitates social
learning of foraging behaviour
in the guppy. Anim. Behav. 62,
591–598.
Swendsen, J. D. (1998). The
helplessness-hopelessness the-
ory and daily mood experience: an
idiographic and cross-situational
perspective. J. Pers. Soc. Psychol. 74,
1398–1408.
Swendsen, J. D., Tennen, H., Carney,
M. A., Affleck, G., Willard, A.,
and Hromi, A. (2000). Mood and
alcohol consumption: an experience
sampling test of the self-medication
hypothesis. J. Abnorm. Psychol. 109,
198–204.
Swendsen, J., Ben-Zeev, D., and
Granholm, E. (2011). Real-time
ambulatory monitoring of sub-
stance use and symptom expression
in schizophrenia. Am. J. Psychiatry
168, 202–209.
Takahashi, T., Ikeda, K., and Hasegawa,
T. (2007). Social evaluation-
induced amylase elevation and
economic decision-making in
the dictator game in humans.
Neuroendocrinol. Lett. 28, 662–665.
Tamres, L. K., Janicki,D., andHelgeson,
V. S. (2002). Sex differences in cop-
ing behavior: a meta-analytic review
and an examination of relative cop-
ing. Personal. Soc. Psychol. Rev. 6,
2–30.
Taylor, S. E., Klein, L. C., Lewis, B.
P., Gruenewald, T. L., Gurung, R.
A., and Updegraff, J. A. (2000).
Biobehavioral responses to stress
in females: tend-and-befriend, not
fight-or-flight. Psychol. Rev. 107,
411–429.
Ter Horst, J. P., Kentrop, J., de Kloet,
E. R., and Oitzl, M. S. (2013).
Stress and estrous cycle affect strat-
egy but not performance of female
C57BL/6J mice. Behav. Brain Res.
241 92–95.
Thoma, M. V., Kirschbaum, C., Wolf, J.
M., and Rohleder, N. (2012). Acute
stress responses in salivary alpha-
amylase predict increase of plasma
norepinephrine. Biol. Psychol. 91,
342–348.
Thornton, A., andMcAuliffe, K. (2006).
Teaching in wild meerkats. Science
313, 227–229.
Thorpe, W. I. (1956). Learning and
Instinct in Animals. London:
Methuen.
Tinbergen, N. (1963). On aims and
methods of Ethology. Zeitschrift Für
Tierpsychologie 20, 410–433.
Trezza, V., Damsteegt, R., and
Vanderschuren, L. J. (2009).
Conditioned place prefer-
ence induced by social play
behavior: parametrics, extinction,
reinstatement and disrup-
tion by methylphenidate. Eur.
Neuropsychopharmacol. 19,
659–669.
Trivers, R. L. (1971). The evolution of
reciprocal altruism. Q. Rev. Biol. 46,
35–57.
Tsoory, M. M., Youdim, M. B.,
and Schuster, R. (2012). Social-
cooperation differs from individual
behavior in hypothalamic and stri-
atal monoamine function: evidence
from a laboratory rat model. Behav.
Brain Res. 232, 252–263.
van den Bos, R., Harteveld, M.,
and Stoop, H. (2009). Stress and
decision-making in humans,
performance is related to
cortisol-reactivity, albeit dif-
ferently in men and women.
Psychoneuroendocrinology 34,
1449–1458.
van den Bos, R., Homberg, J., and
de Visser, L. (2013a). A critical
review of sex differences in decision-
making tasks, focus on the Iowa
Gambling Task. Behav. Brain Res.
238, 95–108.
van den Bos, R., Taris, R., Scheppink,
B., Haan, de L., and Verster, J.
C. (2013b). Salivary cortisol and
alpha-amylase levels during an
assessment procedure correlate dif-
ferently with risk-taking measures
in male and female police recruits.
Abstract ENP 2013, Lunteren,




van den Bos, R., Jolles, J. W., van der
Knaap, L., Baars, A., and de Visser,
L. (2012). Male and female Wistar
rats differ in decision-making per-
formance in a rodent version of the
Iowa Gambling Task. Behav. Brain
Res. 234, 375–379.
van Oers, K., Klunder, M., and Drent,
P. J. (2005). Context dependence
of personalities: risk-taking behav-
ior in a social and a non-social sit-
uation. Behav. Ecol. 16, 716–723.
van Stegeren, A., Rohleder, N.,
Everaerd, W., and Wolf, O. T.
(2006). Salivary alpha amylase
as marker for adrenergic activity
during stress: effect of betablock-
ade. Psychoneuroendocrinology 31,
137–141.
van Stegeren, A. H., Wolf, O. T., and
Kindt, M. (2008). Salivary alpha
amylase and cortisol responses to
different stress tasks: impact of sex.
Int. J. Psychophysiol. 69, 33–40.
Viana, D. S., Gordo, I., Sucena, E.,
and Molta, M. A. (2010). Cognitive
and motivational requirements for
the emergence of cooperation in rat
social game. PLoS ONE 5:e8483. doi:
10.1371/journal.pone.0008483
Vinkers, C. H., Zorn, J. V., Cornelisse,
S., Koot, S., Houtepen, L. C.,
Olivier, B., et al. (2013). Time-






Von Dawans, B., Fischbacher, U.,
Kirschbaum, C., Fehr, E., and
Heinrichs, M. (2012). The
social dimension of stress reac-
tivity: acute stress increases
prosocial behavior in humans.
Psychol. Sci. 23, 651–660. doi:
10.1177/0956797611431576
Von Dawans, B., Kirschbaum, C.,
and Heinrichs, M. (2011). The
Trier Social Stress Test for Groups
(TSST-G): A new research tool
for controlled simultaneous social




Von Frijtag, J. C., Reijmers, L. G.,
Van der Harst, J. E., Leus, I. E.,
van den Bos, R., and Spruijt, B.
M. (2000). Defeat followed by indi-
vidual housing results in long-term
impaired reward- and cognition-
related behaviours in rats. Behav.
Brain Res. 117, 137–146.
Wager, T. D., Davidson, M. L., Hughes,
B. L., Lindquist, M. A., and
Ochsner, K. N. (2008). Neural
mechanisms of emotion regulation:
evidence for two independent
prefrontal-subcortical path-
ways. Neuron 59, 1037–1050.
doi: 10.1016/j.neuron.2008.09.006
Wang, J., Korczykowski, M., Rao, H.,
Fan, Y., Pluta, J., Gur, R. C., et al.
(2007). Gender difference in neural
response to psychological stress. Soc.
Cogn. Affect. Neurosci. 2, 227–239.
doi: 10.1093/scan/nsm018
Ward, A. J.W., Hart, P. J. B., and Krause,
J. (2004). The effects of habitat-
and diet-based cues on association
preferences in three-spined stickle-
backs. Behav. Ecol. 15, 925–929. doi:
10.1093/beheco/arh097
Webster, M. M., and Laland, K. N.
(2012). Social information, con-
formity and the opportunity costs
paid by foraging fish. Behavi.
Ecol. Sociobiol. 66, 797–809. doi:
10.1007/s00265-012-1328-1
Webster, M. M., and Ward, A. J.
W. (2011). Personality and social
context. Biol. Rev. 86, 759–773. doi:
10.1111/j.1469-185X.2010.00169.x
Webster, M. M., Ward, A. J. W.,
and Hart, P. J. B. (2007).
Boldness is influenced by social
context in threespine stickle-
backs (Gasterosteus aculeatus).
Behaviour 144, 351–371. doi:
10.1163/156853907780425721
West, S. A., Griffin, A. S., and
Gardner, A. (2007). Evolutionary
explanations for cooperation.
Curr. Biol. 17, R661–R672. doi:
10.1016/j.cub.2007.06.004
Whiten, A., Horner, V., and De Waal,
F. B. M. (2005). Conformity to cul-
tural norms of tool use in chim-
panzees. Nature 437, 737–740. doi:
10.1038/nature04047
Witbracht, M. G., Laugero, K. D., Van
Loan, M. D., Adams, S. H., and
Keim, N. L. (2012). Performance on
the Iowa Gambling Task is related
to magnitude of weight loss and
salivary cortisol in a diet-induced
weight loss intervention in over-
weight women. Physiol. Behav. 106,
291–297.
Wöhr, M., and Schwarting, R. K.
(2008). Maternal care, isolation-
induced infant ultrasonic calling,
and their relations to adult anxiety-
related behavior in the rat. Behav.
Neurosci. 122, 310–330.
Zajonc, R. B. (1965). Social facili-
tation. Science 149, 269–274. doi:
10.1126/science.149.3681.269
Zoratto, F., Laviola, G., and Adriani,
W. (2013). Gambling proneness
in rats during the transition
from adolescence to young adult-




Conflict of Interest Statement: The
authors declare that the research
was conducted in the absence of any
commercial or financial relationships
that could be construed as a potential
conflict of interest.
Received: 29 March 2013; accepted: 05
June 2013; published online: 26 June
2013.
Citation: van den Bos R, Jolles JW
and Homberg JR (2013) Social modula-
tion of decision-making: a cross-species
review. Front. Hum. Neurosci. 7:301.
doi: 10.3389/fnhum.2013.00301
Copyright © 2013 van den Bos, Jolles
and Homberg. This is an open-access
article distributed under the terms of the
Creative Commons Attribution License,
which permits use, distribution and
reproduction in other forums, provided
the original authors and source are cred-
ited and subject to any copyright notices
concerning any third-party graphics etc.
Frontiers in Human Neuroscience www.frontiersin.org June 2013 | Volume 7 | Article 301 | 16
